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FOREWORD

This report was prepared in the Components Branch (APTC), Turbine

Engine Division, Air Force Aero Propulsion Laboratory, Wright-Patterson

Air Force Base, Chio, under Project 3066, "Gas Turbine Technology," Task

306603, "Advanced Engine Studies," with Charles E. Bentzas Project Engineer.

This report covers work conducted within the Components Branch In the

time period between July 1965 and June 1968.

This technical report has been reviewed and Is approved.

ERNEST C. SIPS
Chief, Turbine Engine Division
Air Force Aero Propulsion Laboratory
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ABSTRACT

This report describes a digitWl computer program titled CARPET. CARPET

Is a computer program that calculates parametric turbojet/turbofan engine

performance. It can also analyze the performance of a specific engine. The

program is written In Fortran IV language and was designed for use on an

IBM 7090 Digital Computer. Included In the report are listings of the com-

plete program, various sample input data, and the corresponding output.
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SECTION I

GENERAL DISCUSSION

The CARPET Deck is a computer program that simulates a basic param-

etric turbojet or turbofan. R can also be used to analyze the performance of

a specific engine at discrete operating points if the total airflow is input along

with the component characteristics of the engine.

This program is written in FORTRAN IV and requires no special routines

or setups. NAMELIST Input Is used to input data since it retains input values

from case to case unless specifically changed in a particular data case. This

eliminates continuously inputting parameters that do not change from case to

case.

Provisions are included for a title which prints at the top of each page.
The output format prints one data case per page within an 8 1/2 x 11 inch area

with sufficient room for margins. I
Since this program is not a component balancing program, a component

performance map is not required.

II
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SECTION 11

HOW TO USE CARPET

Time Estimate: Load Time 45 Secrqads

Run Time 0.5 Seconds/Data Case

Line Estimate: 55 Lines Per Data Case

NAMELIST hput: All of the data cards must start in Colunn 2 or beyond.

To start a data case, punch $INPUT in Columns 2 - 7, then skip a space and

continue by punching the input parameter names and the value you wish them

to be equal to. Finish that data caseby punching a $ - sig immediately following

the last value in that data case. The program then executes that data case and

comes back to the data cards for the next case.

The advantage of this input technique is that the program

will use values from the preceding point unless specifically changed in the data

case that follows. (See Example 1, Setup of CARPET Deck.)

Behind the Last data ease a card with $EOF punched in

Columns 1 - 4 must be Inserted to end the run.

Title Card: Provisions have been included to read a title card which is

printed at the top of each output printout. To read a title card, set IT.TLE = 1

In the NAMELIST data case to which the title applies. The program then reads

Columns I - 66 of the first c&-d following that data case as the title. Since the

program automatically sets ITITLE = 0 after a title has been re.d, ITITLE has

to be set= 1 only when a new title is desired.

2
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SECTION IMI

DISCUSSION OF ROUTINES

CARPET: This is the main program and contains all of the normal

input and output statements. It also contains all of the logic necessary to simu-

late a basic parametric turbojet or turbofan. Straight-through programming is

used which makes following program logic quite easy.

Subroutine required: DSDRIV

This subroutine Is set tV to rum "Design Derivatives" of a base case.

Basically, this routine automatically varies designated engine input param-

eters by either a + percent or a ± increment. In addition to doing this auto-

atically, this routine prints a subtitle designating tho base case and each of the

derivative cases including the increment and percent of change for that partic-

ular parameter. Printed at the bottom of the output are the ratios SFC/(SCFBASE)

and FN/(FNBASE).

Data setup is as follows:

a. Sat IDEL = I in the base case.

b. Also set ITITLE = I and Include title card immediately after base case

if desired.

c. Next sequence on data cards the parameters desired to be varied in

Col. 1 - 6, the type of variance in Col. 11 - 16 (percent change - PERCNT or

increment change - DELTA), and the valus of the variance in Col. 21 - 30

(Note: 0.01 = 1%). If a variation in only one direction (+ or -) is desired, follow

then with the direction Indicator in Col. 31 - 36 (PLUS or MINUS).

d. After the last parameter varying card, a card must follow with GOON

punched 1 C l. 1 - 4.

NOTE: The parameters to be varied must appear in the name common PARAM.

Successive data cases will be run with the same design derivatives unless

IDEL is set = 0.
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RAM:

Routine for calculating Mil. Spec. 5008B ram recovery.

Calling sequence:

CALL RAM (M, ETAR)

AM - Flight Mach Number

ETAR - Ram Recovery

COMP:

Routine for calculating compressor or fan exit thermodynamic conditions.

Calling sequence:

CALL COMP T-R, ETA, P, TI. SI, HI, PO, TO, SO, HO, IER)

PR - Compressor Pressure Ratio

ETA - Compressor Adiabatic Efficiency

PI, PO - Total Pressures Into and Out of Compressor

(Units In Atmospheres)

TI, TO - Total Temperatures Into and Out of Compressor

SI, SO - Entropy

HI, HO - Enthalpy

IER - Error Indicator,

0 = No Error

1 = Error In Entropy Balance

Subroutines Required: THERMO, PROCOM.

4
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COMB:

Routine for calculating combustor and duct-burner thermodynamic exit
conditions.°

Calling sequence:

CALL COMB EL T0, HI.L ETA, DPB, P0, HO, SO, FARO, HV)

PI, P0 - Combustor Inlet and Exit Total

Pressures (Units In Atmospheres)

TO - Combustor Exit Total Temperature

HI. HO - Enthalpy

ETA - Combustion Efficiency (i.e., Applied

to Heating Value of Fuel)

DPB - Total Pressure Drop Across Combustor

SO - Entropy At Combustion Exit

FARO - Combustor Exit Fuel to Air Ratio

HV - Heating Value of Fuel (JP-4)

Subroutines Required: THERM0, PROCOM, AFQUIR.

TURB:

Routine for calculating turbine thermodynamic exit conditions.

Calling sequence:

CALL TURB . H.L §b FARI, ETA, DHTI, P0, TO, HO, SO, IER)

P1, P0 - Turbine Inlet and Exit Total Pressures

(Units In Atmospheres)

5
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HI, HO - Enthalpy

SI, SO - Entropy

FARI - Fuel to Air Ratio Into Turbine

ETA - Turbine Adiabatic Efficiency

DHTI - Total Enthalpy Change Across Turbine

Per Pound of Mass Flow Into Turbine

TO - Turbine Exit Total Temperature

IER - Error Indicator

0 = No Error

1 = Error In Entropy Balance

Subroutines Required: THERMO, PROCOM.

ABFIRE:

Routine for calculating dfterburner thermodynamic exit conditions. j
Calling sequence:

CALL ABFIRE EL TO, HI, LFARI, ETA., DPB, WGI. WFI, P0, HO, SO,

FARO, WF, WGT, WFT, HV)

Pi, P0 - A/B Inlet and Exit Total Pressures

(Units In Atmospheres)

TO - A/B Exit Total Temperature

HI, HO - Enthalpy

FARI, FARO - A/B Inlet and Exit Fuel to Air Ratios

ETA - A/B Combustion Efficiency (i.e.,

Applied to Heating Value of Fuel)

DPB - Total Pressure Drop Across Afterburner

6
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WGI, WGT - A/B Inlet and Exit Mass Flows

WFI, WF, WFT - Main Combustor, A/B, and Total

Fuel Flows at A/B Station

s0 - A/B Exit Entropy

HV - Heating Value of Fuel (JP-4)

Subroutines Required: THERMO, PR0C0M, AFQUIR.

NOz:

Routine for calculating fully expanded, isentropic nozzle conditions.

CALL NOZ (l, PTI, TTI, STI, FAR.L TSO, HSO)

PI - Ambient Pressure to Which Mass

Flow Expands (Units In Atmospheres)

PTI - Total Pressure Into Nozzle (Units
In Atmospheres)

TTI - Total Temperature Into Nozzle

STI - Total Entropy Into Nozzle

FARI - Total Fuel to Air Ratio Into Nozzle

TS0, HS0 - Static Temperature and Enthalpy

Out of Nozzle

Subroutines Required: THERMO, PR0C0M.

ATM0S:

Routine that simulates 1962 U.S. Standard Atmosphere.

See program listing for calling sequence and definitions of parameters.
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PROChM:

Routine that calculates the thermodynamic properties of air and fuel/air

mixtures. Range of temperatures is 300 - 4000°R, Range of fuel/air ratio Is

0 - 0.067623 (Stolchiometric). Dissociation is not accounted for in this routine.

Calling sequence:

CALL PR0 CM F T, CS, AK, CP, 1R, PHI. H)

FAR - Fuel to Air Ratio

T - Temperature

CS - Speed of Sound

AK - Ratio of Specific Heats (GAMMA)

CP - Specific Heat At Constant Pressure

R - Gas Constant

PHI -0

H - Enthalpy

THERMO:

Routine that adds more flexibility in using PR0C0M.

Calling sequence:

CALL THERM0 (P, H, T, S, AM, L, FAR, K)

P - Pressure In Atmospheres

H - Enthalpy

T - Temperature

S - Entropy

AM - Molecular Weight of Mass

8
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L - Fuel to Air Ratio Indicator

0 = 100% Air

1 = Fuel to Air Ratio = FAR

FAR - Fuel to Air Ratio

K - Indicates Solution Desired for T or S

0 = Find H for Input T

1 = Find T for Input H

Subroutine Required: PROC6M.

AFQUIR:

Air Force Quadratic Interpolation Routine. This routine sets up a quadratic

equation and coverages on a solution using Newton's method of solving equa-

tions.

See program listing for calling sequence and definitions of parameters.

9
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SECTION IV

INPUT PARAMETERS

SYMBOL INITIAL VALUE DESCRIPTION

ALTP 0.0 Altitude

AM 0.0 Flight Mach No.

ETAR 0.0 Ram Recovery

0.0, calculates Mil Spec.,
otherwise uses value input

DELTO 0.0 Change in ambient temp from
1962 atmosphere

P2 0.0 Engine face pressure in
atmospheres

Input only if different from
that calculated by ETAR

PRES 1.0 = 1.0 Prints output pressures
in atmospheres

= 14.696 Prints output pres-
sures in lbs/ sq inch

WAENG 1.0 Total engine inlet airflow

BPR 0.0 Bypass ratio = duct flow/core

flow

=0.0, turbojet (i. e., no duct)

CV 1.0 Nozzle velocity coefficient
actual/ ideal velocity

DPD 0.0 Duct pressure loss, (P24-
P26)/ P24

DPFH 0.0 Fan hub pressure loss,
(P21H - P21L)/ P21H

DPC 0.0 Inter-Compressor Pressure
Loss, (P22L - P22)/ P22L

PRFT 1.0 Fan tip pressure ratio

PRFH 1.0 Fan hub pressure ratio

10
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SYMBOL INITIAL VALUE DESCRIPTION

PRLP 1. 0 LP compressor pressure ratio

PRC 1. 0 HP compressor pressure ratio

LCSL 0.0 LP compressor seal leakage,
dumps into duct if turbofan or
overboard if turbojet

HCSL 0.0 HP compressor seal leakage,

dumps same as LCSL

ETAFT 1.0 Fan tip efficiency

ETAFH 1.0 Fan hub efficiency

ETALP 1. 0 LP compressor efficiency

ETAC 1. 0 HP compressor efficiency

ETATH 1.0 HP turbine efficiency

ETATL 110 LP turbine efficiency

T4 0.0 Combustor discharge tem-
perature (OR)

T7 0.0 A/ B combustor discharge
temperature (OR)

T27 0.0 Duct combustor discharge
temperature (OR)

DPT 0.0 Inter-turbine pressure loss,
(P5 - P5 1) / P5

DPE 0.0 Tailpipe cold pressure loss,

(P56 - P6) 'P56

ETAB 1.0 Main combustion efficiency

ETABAB 1A0 A/ B combustion efficiency

ETABFD 1.0 Duct uombustion efficiency

DPB 0.0 Main combustor pressure
loss, (P3 - P4)/P3

DPBAB 0.0 A/ B combustor hot pressure
loss, (P6 - P7) P6

DPBFD 0.0 Duct combustor hot pressure

loss, (P26 - P27)/ P26

11
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SYMBOL INITIAL VALUE DESCRIPTION

PCBLNZ 0.0 Engine core nozzle cooling
flow ratio (to HP compressor
inlet flow)

PCBLO W 0.0 LP compressor bleed flow
ratio (to LP compressor
inlet flow). Lost to cycle.

PCBLO B 0.0 HP compressor bleed flow
ratio (to HP compressor
inlet flow). Lost to cycle.

PCBLC 0.0 Turbine cooling bleed flow
ratio extracted from HP
compressor (to HP compres-
sor inlet flow)

PCBLT4 0.0 HP turbine inlet nozzle cool-
ing flow ratio (to HP com-
pressor inlet flow)

PCBLHP 0.0 HP turbine exit cooling flow
ratio (to HP compressor inletflow).

HPEXT 0.0 Horsepower extracted from

HP turbine for accessory
drive

ITITLE 0= 1, card following data case
will be title card (Col. 1 - 66).
Program then sets = 0.
= 0, no title card expected.
The last title card read will
be printed at top of output
page

IDEL 0 Design "derivative" indicator.
(See discussion of routines:
DSDRIV)

IAFTBN 0= 0, no A/B.
= 1, use input 17
Must be set = 1 for each A/B
point

IDBURN 0 = 0, no duct burning
1, use input T27

Must be set = 1 for each duct
burning point

12
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SECTION V

STATION DESIGNATION

STATION NUMBER LOCATION

1 Ambient

2 Inlet exit/engine face

Core:

21H Fan hub discharge

21L LP compressor inlet if PRLP is
greater than 1.0, otherwise HP
compressor inlet

22L LP compressor discharge

22 HP compressor inlet

3 HP compressor discharge

4 Main combustor discharge

41 HP turbine inlet

5 HP turbine discharge before cooling
flow has been added

51 LP turbine inlet

55 LP turbine discharge before cooling
flow has been added

56 LP turbine discharge including cool-
ing flow effects

6 A/B combustor inlet

7 A/B combustor discharge

8 Engine core nozzle inlet

9 Engine core nozzle discharge (Isen-

tropic expansion to P1)

Duct:

24 Fan tip discharge

13
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STATION NUMBER LOCATION

26 Duct burner inlet

27 Duct burner discharge

28 Duct nozz.le inlet

29 Duct nozzle discharge (Isentropic

expansion to P1)

14
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SECTION VI

OUTPUT PARAMETERS

Besides most of the input parameters being output, the following parameters

are also output.

SYMBOL UNITS DESCRIPTION

VA fps Flight velocity

CS fps Ambient speed of sound

PCBLLP LP turbine exit cooling flow
ratio (to HP compressor inlet
flow)

NOTE: PCBLC = PCBLT4 + PCBLHP +
PCBLLP

PROA Overall core compression
ratio, (P3/ P2)

WA-- #/ sec Airflow rate (number designates
location)

BLCSL #/ sec LP compressor seal leakage
flow rate

BHCSL #/ sec HP compressor seal leakage
flow rate

P- Atmospheres Total pressure (number desig-
or psi nates location)

T- 0OR Total temperature (number
designates location)

PRTH --- HP turbine pressure ratio,
(P41/ P5)

PRTL --- LP turbine pressure ratio,
(P51/ P55)

BLNO Z #/ sec Engine core nozzle cooling
flow

V9, V29 fps Nczzle exit velocities (Isen-
tropic expansion to P1)

HV Main combustor fuel heating
value at T4 for JP-4

16
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SYMBOL UNITS DESCRIPTION

HV7, HV27 A/ B and duct burner fuel
heating values at their
respective temperatures for
JP-4

FN/ WA Net thrust/ total engine airflow

THG9 Core gross thrust per pound
total airflow

THG29 Duct gross thrust per pound
total airflow

ETAP --- Propulsion Efficiency

H- BTU/ # Mass Total enthalpy (number desig-
nates location)

TS9, TS29 OR Static temperature at nozzle
exits

HS9, HS29 BTU/ # Mass Static enthalpy at nozzle exits

BLOW #/ sec LP compressor bleed flow

lost to cycle

BL0 B #/sec HP compressor bleed flow
lost to cycle

BLC #/sec HP compressor bleed flow
for turbine cooling

BLT4 #/sec HP turbine inlet nozzle
cooling flow

BLHP #/sec HP turbine discharge cooling
flow

BLLP # sec LP turbine discharge cooling
flc

NOTE: BLC = BLT4 + BLHP + BLLP

WG- # sec Mass flow rate (includes fuel
flow)

FAR- --- Fuel flow/airflow (number

designates location)

17
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SYM1BOL UNMT DESCIUP'ION

WF- F/se Fuel flow rate (number desig-
nates combustor locatico)

ETATHM -- Thermal Efficiency

ETAO - Overall efficiency (i.e.,
ETAP x ETATHM)

SFCU f fuel per hr/ # net thrust Uninstalled specific fuel
consumption

FG # thrust Gross thrust

FN # thrust Net thrust

18
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SECTION VII

PROGRAM LISTING

19
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sIBFTC CARPET DECK

COMiMON /PAKAM/ ETAR ,ETAI-T ,ETAFH ,ETALP lplAC
I flJAB -.ETAIH .ETATL ,PRFT SPRFH ,PRLP ?PRC t
2 DPB ,DPT POPE ,DPD #DPFH ,DPC vHPEXTv

.3 LCSL 2H-CSL ,PCBLNZ,PCBLWPC0 BIPCBLC -- CY-- -I-
4 T4 JT7 ,T27 ,ETABABETABFDDPBAB ,DPBFD
DII&ENSION TITIE(11)tAWORD(4)
REAL LCSL
D AT A -AWQBRD/LHAT1 j"_ i E 5_ HLSJ S0.6H INCHI

NAMELIST/ INPUT/
I ALTP tAM ,ETAK ,DELTO #P2 OPRES
2 WAENG ,BPR qCV ,DPO ,DPFH tDPC
3 PRFT ,PRFH ,PRLP ,PRC vLCSL ,HCSl.
4 ETAFT IETAFHjyETALP ,ETAC IETATH ,ETATL
5 T4 JT7 JT27 ,DPT 9DPE ,PCBLNZ,
6 ETAB ,ETABAB,ETABFD,PCBLOW,PCBLOBPCBLC
7 OPB ,DPBAB ,DPBFD ,PCBLT4tPCBLHP,HPEXTI
8 ITITLEvIDEL ,IAFTBNIDBURN

PRES =.
WAENG =1..0
Cv =1.0
PRFT =1.0
PRFH =1.;0
PRIP =1.0 ___________________________

PRC =1.0
ETAFT =1.0
ETAFH =1.0
ETAIP =1.0

ETAC =1.0

EIATH '1.0 __________________

ETAT1 =1.0
ETAB =1.0
ETABAB=1 .0
ETABFO=1.0
DELTO =0.0
BPR =0.0 _____________________

DPD =0.0
DPFH =0.0
DPC =0.0
LCSL =0.0
HCSL =0.0
OPT =0.0 _____________________

DPE =0.0
PCBLNZ=0.0
PCBLOW=0.0
PCBLOBO0.0
PCBLC =0.0
DPB =0.0 _____________________

DPBAB =0.0
OPBFO =0.0
PCBLT4=0 .0
PCBLHP=0.0
HPEXT =0.0
IDEL =0------ --- -

C **CONSTANTS
- G =32.174049

20
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AJ =778.26

1 P2 v0.0
FTAR =Q.0
IERROR=O
IAFTBN=O____________ ____________ ___

IOBURN=O
JBASE =0 __

READ (5,INPUJT)

lF(lTITjLEoGT*0) READ(5tl00) (TITl.E( I)t,Il)

ALT =ALTP*2.0855531E07/(2.0855531E07-ALTP) _

CALL ATMOS(ALTTlX1,X2,X3,PlCSX4.Ii1i
TI aT1*DELT0

C **BEGINNING 0- INLET
___IF(ETAREQ.0.0) CALL RAM(AMPETAR) _

VA AMC_
CALL THERMO(P,H1TIS1f,1,OO,)

P2P =1.0
DO 3 0=1,10
CALL THERi4(P2P,H2,X,S2PAI4W2P,0,0.O,1)
I F(ARs(s2P-s11. L t. 0.o0001 *-Sr GO IO

3 P2P =P1*EXP(.5035471*AMW2P*(S2P-S1+1.985912/AMW2PALGP2P/PI))) _

GO TO 500
5 IF(P2*GT.0.0) ETAR =P2/P2P

P2 =P2P*ETAR
CALL THERMO(P2,IH2,T2tS2tXlv0,O.0,1J

6 IF(1OELoGT.O1 CALL DSDRIVIS1I

IF(BPR.LE.O.0) GO TO 7

C **BEGINNING OF FAN TIPI
CALL COMP(PRFT,ETAFT,P2,T2,S2,H2,P24tT24,S24,H24,IER)

_ -- IF(IER*GT.0) GO TO 501

C *** BEGINNING OF FAN HUB
CACI-COMP(PRFH,ETAFHP2T2,S2,H2,P21I1,T21,;S2lH21,1ERJ
IFIIER*GTo0) GO TO 502
P21L =P21H*(1.0-OPFH)
GO TO 9

7-- P24 i:0.0
T24 -0.0

--- H24 =0.0
DPD -0.0 ___________________

PRFT i1.o
ETAFT =1.0
P21H =P2

- P21L -P21H
T21 =T2
H21 =H2
DPFH =0.0
PRFH u1.0
ETAFH =1.0

9 _IF(PRLPLE.1.O) GO TO 11 ____

C **BEGINNING OF LP COMPRESSOR
CALL THERMO(P2L,2,T2,S21,X,0,0.0,0)
CALL COMP(PRLP,ETALPP1L,T21S2H21,P22LT22,S22,H22,JER)
IF(IER.GT.O) GO TO 503 S_

21
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''I TI' 1.3
11 -'221 =P21L

H22 =Hj21.--
DPC =0.0
PRLP =1.0
ETALP =1.0
LCSL =0.0

13 IF(PRC .LE.1.0) (,U TO 15

C BE(.,INNING OF HP COMPRESSOR
P22 =P22L*(1.0-DPC)
CALL THERMUIP22,H22,122,S22,XliOO.UO)
CALL CUtP(PRCETAC,P22,T22,S22,H22,P3,T3,S3,H3, IEk)
IF(IER.GT.O) GO TO 504
GO TO 17 ___ __

15 P22 =P22L
P3 =P22
T3 =T22
H3 =H122
I)PC =0.0
PRC =1.0 ____ ____ ___

ETAC =1.0
HCSL =0.0

17 PROA =PRC*PRLP*( 1.O-DPC)*PkFH*( j.0-DPFH-)

'~AIR FLOWS
WA2 =1.0 ____ __________ ___

WA21 =WA2/(BPZ+T1.0)-
WA24 =OA2-WA21
WA22 =WA21*(1.0-LCSL-PCBLOW)
WA3 =WA22*(1.O-HCSL-PCBLOB-PC3LC-PCBLNZ)

**BLEED) FLOIWS
BLOW =PCBLUW*WA21 - - -

BLLCSL=LCSL *WA22
BLHCSL=HCSL *WA22
BLOB =PCBLOB*WA22
IF ( PCBLT4+PCBLHP) .GT.PCBLC) PCBLHP=PCBLC-PCBLT4
PCBLLP=PCBLC-PCBLT4-PCBLHP

BLT4 =PCBLT4*WA22
BLHP =PCBLHP*WA22

BLLP =PCBLLP*WA22
BLNOZ =PCBLNZ*WA22

B * ~LINNJNU 01 AN gTROF - - - -.---

CALL COMB (P3,T4,H3,ETABDPB, P4,H4,S4,FAR4,HV)
WF4 =FAR4*WA3
W(,4 =WA3+WF4

**BEGINNING OF HP TURBINE____
P4.1 --- --- - - -

WG41 =WG4+BLT4
FAR41 =WF4/(WA3+BLT4)
H41 =(H4*WG4+H3*BLT4)/WG41
CALL THERMO(P41,H4lT41,S41 ,X1,1,FAR41,1)

___HPBTJ =0.70b8*HPEXT/(WAENG*WG41)
13RTW --- %PTT +( H I- i2 21* wA 2 2/WC, 4
CALL TORB(P41,H41,S41,FAR41,ETATHOHTH,P5,T5,HSS5, IEK)
IF(IER.GT.O) GO TO 505

22
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P i(T H =P41/P5
P51 =P5*(I.O-OPT)
W(,51 =WG41+BLHP
H51 =(H5*W(,41+H3*BLHP)/WU.51_______________
FAk5l =WF4/(W(,51-WF4)
CALL THERMO(PS1,H5lT51,S51,l,l,F-Ak51,1)

*~BFGINNING OF LP TURHINF
DHTL =((H24-H2)*WA?4+(H21-H?)*WA21+(H?2-H2IowA21l/W(,51
CALL T~BPlH1SIFA5#TT,)T
IF(IFRd.T.0) (,0 TU 506
PRTL =P51/P55
P56 =P55
WG,56 =WG51+BLLP
H56 =(H-55*WG5l+h3*BL1P)/W,56
FAR5b =WF4/(G56-WF4)
CALL THERM(I(P56,tH56,T56,S56,Xl1,,F-Ak56,I)

~*BEGIN4NING OF TAILPIP- AND) A/P
P6 =P56*(1.O-DPE)
Tb =T56
H6 =H56_______

IF(IAFTBN.GT.O) GO TO 19
WF7 =0.0
T7 =T6
P7 =P6
H7 =H6
FAR? =FAR56 ______

WG7 =WG56
WFTGG =WF4
GO TO 21

19 CALL ABFIRE (P6,T7,H-6,FAR56,FTABABO)PBABgWt,56,WF4,P7,Hi7,S7,m

1FAR7,WF7tWG7,WFTGG,HV7)

*'*BEGINNING OF G6GNOMlLF
21 WGS =WG7+BLNIOZ

HA =(H7*WG7+H3*BLNOZ)/WGR
FAR8 =WFTGG/(WG8-WFTGG)
P8 =P7
CALL THERMO(P8,H8,T8,S8,X1,1,FARA,I)
IF(P8.LT.P11 GO TO 507
CALL NOZ (P1 ,P8,T8,S8,FAR8,TS9,HS9)
IF(TS9.LE.Tl) GO TO 508
V9 =CV*223.733*SQRT(H8-HS9)
IF(BPR.LE.O.O) GO TO 23

~*BEGINNING OF '6iicT -AWU/Wg----- -- --

P26 =P24*(1.O-DPO)
WA26 =WA24+LCSL*WA21+HCSL*WA22
H26 =(H24*WA24+H21*LCSL*WA?1+H22*HCSL*WA?2)/WA26
CALL THERMO(P26,H26,T26,S26, Xl .0,0.0,1)
IF(IO)BURN.GT.O) GO TO 25 ____ _____________

I-AR27 =0.0
WF27 =0.0
P27 =P26
T27 =T26
H27 =H26
S27 =S26 ____________________________

GO TO 27
23 P26 =0.0

T26 =0.0
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H26 cQ*Q
F 27 -0.0 ______

T27 m0.0

P28 =0.0
728 =0.0____________
H28 =0.0
fS29 =0.0
HS29 -0.0

XMU =0.0

WF27 =0.0 __

GO TO 29
25 CALL C0MB(P26,T27,H26,ETA8FD,OP8FDP27,HZ7,S27,FAR27,HV27)____

WF27 =FAR27*WA26-

P8 =P27 ____

T26 =T27
H28 =~H27_______

S28 =S27
FAR28 =FAR?7
CALL NOZ(PI,P28,T28,S28,FAR2PTS29,HS29)
V29 -CV*223.733*SQRT(H28--HS29) __ ____ ___

C s*PERFORMANCE CALCULATIONS ___________

XMU =VAIV29
29 XNU =VAIV9

THG29 -V29*WGZ8/,
TH4G9 =V9*WG8/G _____________

THGU =THG9+THG29
FNUI cTHGU-VA*WA2/G____
F14OWA aFNU/WA2--
WFTOT =WFTGG+WF2? ______________

Si-CU aW1-TU*3600./I-NU
FG =THGU*WAENG _____________

FN =FNOWA*WAENG - -____________

ETAN 1l./XNI*( 1.*AR8-XNU)+BPR/XMU*( 1.+FAR2R-XMU)
ETAD =ETAN0.5*(f1.+FARB)/XN1J**2*(Y-.-XNU1*2+BPiI1*-R8
1/XMU**2*1.-XMIJ)**2)

FTATHMFTAD*VA**2/(G*AJ*(FAR*(HV+VA**2/(2.*GAJ))+
I BPR*FAR28*(HV27+VA**2/(2.*,*AJ)f) --

ETAO =ETAP*ETATHM

31 XWA24 =WA24 *WAENG_____________________________
XWAZ6 -WA26 4*Ft
XWA21 =WA21 *WAENG
XWA22 =WA22 *WAENG
XWA3 nWA3 *WAENG
XBLOW =BLOW *WAENG
XBLCSL=BLLCSL*WAENG
AdHtLSL~bLHLV'WAtNb

XBLOB =BLOB *WAENG
XBLNOZ=BLNOZ *WAENG
XBLC =BLC 4WAENG
XBLT4 =BLT4 *WAENG
XBLHP =BILHP *WAENG

XUW~ttP WAYNG- _ -

XWG4 =WG4 *WAENG
XWG41 =WG41 *WAENG
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XWG51 =W651 *WAEN(;
XWG56 =WG56 *WAENG
XWG7 zWG7 *WAENG
XWGB =WG8 *WAFNG.
XW(;27 =WG27 *WAENG
AwCrV =wG21i *WAEN,
XWF4 =WF4 *WAFNG
XWF7 =WF7 *WAENG
XWF27 =WF27 *WAENG
XwFTC;G=wFTGG '2WAEL!G
XPI =P1 *PRFS
XP2 =P2 *PRES
XkP21H =P21H*PRFS
XP21L =P211*PRES
XP22L =P22L*PRES
XP22 =P221*PRFS
XP3 =P3 *PRES
XP4 =P4 *PRES
XP41 =P41 *PRES
XP5 =P5 *PRFS
XP51 =P51 *PRES
XP55 =P55 *PRES___
XP56 =P54 *PRES
XP6 =P6 *PRFS
XP7 =P7 *PRFS
XP8 =P8 *PRES
XP24 =P24 *PRES
XP26 =P26 *PRFS
XP27 =P27 *PRES
XP28 =P2A *PRFS
IF(JBASF.LE.0) SFCB =SFCII
IF(JtiASF.LL.0) FN8 =FN
PCB SFC=SFCO/SFCBI PCBFN =FN/FNB_
WIF(DL.t.0) CAIL )OIJTl
IF~( IDFR.(T.0) CALL (6 OS 990T
WIF(FRI,200) AL T AM ,V ,)F99,EAR ,C
WRITF(6,2001) HLPX AMCS VAC~ ,PCFLTO ETAR1(Hcs
WRITF(6,2002) HPCLC ,pCSLT4,pC;L PCFIOW,P~bLA ,PPCwLNZ NC
WRITF(6,2003) PRFTC ,ETAFT4,XWA24 PHL~t~o ,XkWA26r

1PRFH- ,ETAFH IXWA21 ,XRL(SL
WRITF(6,2005) PRIP ,ETALP ,AWA2!2 ,XHHCSL,DkNC FITt, ,XWAi
IF(PRFS.GT.1.0) IP=3
WRITF(6,2006) OP() ,)PFH (I)PC ,AWORO(IP) fAwflk.)(Ip+1)
WHI-TRH6;2057) XPI ,T1 ,iF41 ,XP2 02 , He
WRITE(6,2008) XP21H ,T?l ,H21 ,XPZIL
WRITE (6,2009) XP22L , T22 ,H2? t Xfkl-IW ,XP?22 ,XHLU'
WRITI-(6,2010) XP3 ,T3 ,H3 tXbtC-

IXP4 ,T4 ,H4 ,XW.,4
SWR I TF(t) 2011-) DPB__tlAi __,IAR4 ,XWF4 ____

IXP41 7141 ,H41 ,XRLT4.
WRITE(b,2012) XP5 ,T5 0-b ,XW6,41 ,PRTH ,ITATI, ,I)T
WRITF(6,2013) XP51 ,T51 ,IH51 XfiL,4P,

I XP55 ,T55 ,H(5 , XW(;bl
WRITE(6,2014) P1<11 , ETATL DOPF ,xP56 , T 5r ,H56 ,x 6L LP
WRITE(6,2015) XP6 T16 ,Ii6 , XW(G56 ,____________

XP7'f -I , H7 ,XW6,7
IF (IAFTBN.GT.0) WRITE(6,2016) ETABAB,)PAB ,xwF-l

WRITF(6,2017) XPS ,T8 ,I XBLN07?,
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1 v 9 9TS9 ,*HS9 IXWC,8
WRITE(b,2018) XP24 ,T24 .1124 ,XP26 ,T26 H126
WRITE(6,2019) XP27 ,T27 t1127 tXWG27
IF(IU~llN.GT0) WRI(62020? FTABFn,IAPRFD IXWF2,7
WRITE(b,2021) XP28 JT28 01128 ,XWG28 ,V29 .1529 vHS29
WRITE(6,2022) FAR41 ,FAR51 FPAR56 ,FAR7 IFAR8 _ 1 FAR27 ---

WRITE(6t2023) HV ,HV7 ,HV27 ,CV ,V9 tV29
WRITE(6,2024) FNC(dA , rHG9 ,THG29 ,ETAP ,ETATHMVETAO --

WRITE(6,2025) SFCL) FG ,FN
IE ( IDF .GT.OLJ hRjE!v20261 -PCBSFC2PCBFN _____

WRITE (6v2050)
IF(IDEL.GT.0) JBASE =1
IF(II)EL.GT.O) GO TO 6
GO TO1

C - P FRnR STATEMENTS
Soo0 WRITE(6tl500) PltSL,P2P,S2P

GO TO 600
501 WRITE(6.1501 I P2,T2,PRFTETAFT

GO TO 600
51)2 WRITE (6,1502) P2,T2,PRF- ,TAFH

GO_ TO_600 ___

503 WRITF(6,1503) P21LIT21,PRIP,FTALP
GO 70 600

'O4 wkITP(5, 1504) P22,T22,PRC,ETAC
Go TO 60Q

5U5 WRITE(6,15U5) P4lH41,DHTHETATH
6O TOl 600 _____________________

506 WARITE(b,1-50d6l) ' q P 1,5,OHTL,ETATL
GO TO 600

507 wRITF(6,1507) P8,PI
GOU TO 600

508 wRITF16,1508) TS9,TI
600 IFRROR1 ____ ______________

GO TO 31

100 FORMATflIA6)I
1500 FORMAT(1IHI125HItLET NOI NOT CONVERGE - 4E14.6)
1501 FORMAT(1H1,16HFAN TIP ERROR - ,4EI4.6)
1' 02 FORMAT(1111,16HFAN 111DB ERROR - ,4E14.6)
1503 FORMAT(1141, UU1L0 COM ERROR - ,4EI4.6)
1504 FORMAT(1H16HHI COMP ERROR - ,4EI.4.6)
1505 FORMAT(1111,16H1I TORR ERROR - ,4EI4.6)
1506 FORHAT(1H1,16H41 TURR ERROR - 4L.6
1507 FORMAT(lIH,231GG NOZZLE PRES ERROR - t2EI4.6)
1508 FOkMAT(1H1,231GG NOZZIE TEMP ERROR - ,2EI4.6) ______

2000 FORMAT(1H111H ,20X,lIA6)
2001 PUR ,AT (IHO 1129X,

1 7HALTP =, F8.0,qH AM =t F8.4,91 VA =, P.2,111 ,29X,
2 7HDEFLTO =, 8.2,91 ETAR = FS.5,9 H C S _ =, . 2)

20 2FORWAT TR6 1i- 70Y7
1 7HHPEXT =t P8.2,91 LCSL =, 8.5i99H HCSL =, 8.5,/11 ,20X,
2 7HPCBLOW=, P8.5,91 PCBLOR=, FA.5,'4H PCBLN7=, F8.5)

2003 F(JkimAT(lH ,?UX,
A 7HPCBLC =, F8.5,9H PCBLT4=, P8.5,91 PCBLHP=, F8.5,

-1 3X,7HP1CHiLLP=, P)8.5,/1H ,20X,
2 7H1-R(iA =t ER.3,9H BPR FH P.3,9H1 WAFN(~, PH.2)

2U0O4 FOR'IAT(1110,20X,
A 7HPRET =, P.4,9H ETAFT =, P.5t91 A?4 =,P.3,
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1 -3X, 7RWAiC6 FS. P., /Il .OX,
2 7HPRFH =j F8.4,9H ETAPH9=t F8.5,9H_ WA21 =, 8.3,t
3-- 3X,7HBLCSL-, P8.3)

2005 FORMAT(1l ,20X9
A ?HPRLP =t F8.4t9H ETAIP =t F8.5,9H WA22 =t F8.3,
1 3X,7HBLHCSLt F8.3,/IH t20XI
2 !HPRC = F 8._4k9HETAC =, P8.5,91 WA3_ _r 8.3)

2006 FORMATIJH ,20X,
1 7HDPD =t F8.5,9H WPH =,l F8.5,9W DPC =, 83,/IH3,20X,
2 13HPftESSIJRES IN t2A6)

2007 FORMAT(IH 920X,
-1 7HP1 =, 8.3,9H Ti .P8.2,9H Hi = F8.2,/IH ,20x-t
27HP2 =, F8.3,9H_ T2 F, 8.219H H42 F8.2)

2008 FORMAT(IH ,20X, __

-1 7HiP 21H =, 8.3,9t14 f21 =T V8.2 , 9H4 121 =t1 8._2,J1H ,2WX,
2- 7HPIL F 8.3)

2009 FORMAT(IH v20X,
A 7H4P22L =, P8.3,94 T22 =f P8._2f9 1422 F, 8.2,
I 3X,714BLOW =, F8.3,/1i ,20X9
2 7HP22 =, P.3,35X ,9H -BLOB- F,8.3)

2010 FORMAt(1H ,20X,
A 7HP3 =, 8.3,94 T3 ,v F8.2,91 H3 =, 8.2,
1 3X,7HBLC ,F8.31/IlH ,20X,
2 714P4 =, F8.3,94 T4 =, P8.2,94 H4. =1 P8.2,
3 3X,714WG4- F,8.3)

2011. FORMATUH1 920X,
A YH14UPB -- =, P8.4,914 ETAB =-, F8.5,9H FAP4 =,F8.5,

1 3X 714WF4 =t P8.4,1114 t20Xt
2 7HP41 =f 8.3,9H T141 =, P8.2,94 H41 F, 8.2,
3 3X,7HBLT4 =, F8.3)

2012 POAMAT(1H ,20X,
A 7HP5 =1 P8.3,94 T5 =, 8.2,94 H5 F 8-.2,
I 3X,714WG41 =, P8.3.111 ,20X9
2 7HPRTH =, P8.4,9H ETATH = 8.5,91 DPT F, 8.5)

2013 PORMAT(lH 120X,
A -7HP51 =, 8.3t9H T51 =, 8.2,91 H51. F,8.2, _
1 3X,7fHBLHP =t F8.3,/lH14 20X9
2 7HP55 =, P8.3,94 T55 =, 8.2,9 1455 =, F8.2,
3 3X,714WG51 =1 F8.3)

2014 PURMAT(11 ,20X,
1 7HPRTL =, 8.4,9H ETATI =t P8.5,94 DPE =, P8.5,1114 920Xt
2 7H4P56 =, 8.3,94 T56 =, 8.2,9H 1456 , P8.2,
3 3X9714BLLP =t P8.3)

2015 PORMAT(IH ,20X,
A 7HP6 =, 8.3,94 T6 =,F8.2,9tf H46 =,Fg.2, -

1 3X,7HWG56 =, F8.3,114 ,20Xf
2 714P7 ,t P8.3,9H T7__ s2 F829H W .f4 , 8.2,
3 3X,7HWG7 F, 8.3)

2016 PORMAT(1H ,21X,AB= 851 1314* * A/B * ,3X,7HETABAB=q P8.5,94 OPBAB= 85
2 3X,7HWP7 =, F8.4)

2017 PORMAT(14 ,20X,
A 7HP8 =1 FPe3,9H TA MP.2,94 H8 = 82
1 3X,7HBLNO. =,r8.3,/IH ,20X,
2 714V9 =, 8.2,9H TS9 zF8.2,9H 1S F8.2, -

3 3X,7HWG8 F, 8.3) ___ ______

Z01-8 FORMAT (110, 20X,
1 7H4P24 =, P8.3,94 T24. =,8.2,9H 1424 =, 8.2,111 ,20X,
2 7HP26 =, Fk8..,9H l.Z6 =, -B.Z,9H HZ6 , U~.Z)

2019 PQRMAT(1 ,20X,___
1 7HP27 =, 8.3,9H T27 ,F. W12F7T
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2 3X17HWG27 ,F8.3)

2020 FORMAT(11 921X,
I 1314* * D/B **,3X,7HETABFn=, F8.5,9H DPBFD ~,F8.5,
2 3X97HWF27 _=tF.14)_

2021 FORMAI11H ,bX,
A 7H4P28 =1 P8.3,94 T28 ~,F8.2,9H 1428 =1 F8.2, -

1I 3X ,74W G28 =, F8.3,/1H ,20X,
2 7H4V29 =1 P13.2,99H TS29 =,F8.2,9H H4S29 =i F8.2)

2022 fORMAT I HO,20X,
1 7HFAR41 _r85 9 FAR51 = F8.5194 FAR56 ~,F8.51/1H 120X,
2 7HFARY = F8.5,94 FAR8 , F8.5,9H FAR27 F, 8.5)

2023 FORMAMH 920X,
I 7HHV =t F8.1,94 HV7 ~,F8.1,9H H4V27 =, F8.1,1114 ?20Xt
2 7HCV =, P8.5,94 V9 F, 8.2,94 V29 ~,F8.2) -

2024 FORMAT I lHO,29X,
1 7I4PN/WA =, F8.3,94 THG9 =, 8.3194 TH4G29 =,F8.3,/lH ,29X,
2 7HETAP =t P8.5,94 ETAT14Mr, F8.5091 ETAO F, 8.5)

2025 FORMAT(IH ,29X,
1 7hSFCU =1 P8.5,94 FG =, 8.1,94 FN F, 8.1)

2026 FORMAT(11 v29X,
1 1OHSFC/SFCB =F8.5,15X,8HFN/FNB =F8.5)

Z050 FORMAT(1140,26Xt
1 55H4THIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFT, UNINC.,/,
2 1H4 20X,17HCOMPONENTS BRANCH,27X,
3 23H4TURBINE ENGINE DIVISION,/4 ,33XP
4 41140.S. AIR FORCE AERO PROPULSION LABORATOUkY)
END
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SIBFTC DSORIV DECK
SUBROUTINE OSORIV(*)
DIMENSION VAR(33),PAR(33JISAVE(33),CSAVE(33),DSAVE(33),PSAVE(33), -

I SSAVF3I)
COMMON /PARAM/ ETAR ,ETAFT IETAFH ,ETALP ,ETAC

I ETAB tETATH YETATL tPRFT ,PRFH pPRLP ,PRC
2 OPB ,DPT ,DPE ODPD vDPFI4 ,DPC ,HPEXT
3 LCSL ,PHCSL tPCBLNZPPCBLOWiPCBLUBtPCBLC ,CV
4 T4 ,T7 ,T27 sETABABETA8FD,DPBAB ,DPBFD
DATA VAR/
1 6HETAR ,6HETAFT ,6HETAFH ,6HETALP 6HETAC
2 6HETAB ,6HETATH ,6HETATL 6HPRFT 96HPRFH t6HPRLP ,6HPRC
3 6HDIP8 ,6HDPT ,Eg!DPE 96HDPD ,6HOPFH ,6HDPC ,6HHPEBXT,
4 6HLCSL ,6HHCSL ,6HPCOLNZ,bHPCBLOW,6HPCBLUB96HPCBiLC ,6HCV
5 611T4 96HT7 ,6HT27 961ETABABv6HETABF64OP3AB ,6HOPB3FDI
DATA IBASENUM.WORDIGOONgHOWD/09O,6H 96HGOON 96HUELTA I__
DATA AMINUStPLUSI6HMINUS ,6HPLUJSI
EQUIVALENCE (PARETAR)
IF(IBASE.GT.O) GO TO 1
I BASE 1
MUN =0
RETURN

I IF(WORD.E0.GOONI GO TO 6
IF(IEIASE.GT.1) GO TO 4
IBASF=2
READ(5,100) WORD,HOU,COW,SOW
IF(WORD.EQ.GOON) GO TO 7
DO 2 1

-
1

L
3 3  

- _ _-

11=1
2 IF(WORD.EO.VAR(I)) GO TO 3

WRITE(6,101) WORD
STOP____

3 IF(HOW.EQ..HOWD) DELTA=COW
IF(HOW.NE.HOWO) DELTA=COW*PAK(II)
PFRCNT=100.*DELTAIPAR (II)
NUM=NUM+ I
ISAVE(NUM)=II
CSAVE (NU )=C0H
OSAVE (NUN J=DELTA
PSAVE (NUN 3=PERCNT ____________________________

SSAVE (NJM)O
PARSAV=PAR (II)
JF(SOW.EO.AMINUS) GO TO 4
PAR (1I)=PARSAV+DELTA
RETURN

4 IF(IBASE.GT.2 .0OR. -SOW.FO.PIU)SJ TO 5 __________

PAR (113 =PARSAV-DELTA
RETURN

5 PARII3PARSAV
IBASF=1
GO TO 1I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 IF(IBASE.GT.1) GO TO 4
IBASE=2
MUN =MUN+ 1
IF(MUN.GT.NUM) GO TO 7
1I =ISAVE(MUN)
cow =CSAVE(MUN) ____________

DELTA =DSAVE(_4iiF_)_
PERCNT=PSAVE (NUN)
sow =SSAVE(MUN)
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PARSAV-PAR(II)
IF(SOW.-0.A$INUS) GO TO 4
PARC II =PARSAV+DELTA
RETURN _______________

7 IBASF=O
RE TURN I
ENTRY OSDOUT
IF(IBASE.EU.1) WRITE(6,200)
IF(I8ASE.EU.2) WRITE(69201) VAR(II),PE)RCNT,DELTA

- FHIBASE-EQ,31 WRIELOA2iLAARI 1) 2 PiCNT DLTA

100 FORMAT(A6,4XA6,4XEIO.0tA6)

101 FORMATIIHO,/,IHO,A6,32H NOT IN COMMON, POINT TERMINATkD)
200 FORMAT(H v48X,10IIBASE POINT)

201 FORMAT(H v22X,21HBASE POINT - VARYING ,A6t5H BY +,
1 F6.1,17H PERCENT (gELTIA =LF7..3,LH))

202 FORMAT(H ,22Xv2lHBASE POINT - VARYING 9A6,5H BY -9

1 F6.1,17H PERCENT (DELTA =,F7.31IH))
END4

-IBFTC RAM D)ECK
SUBROUTINE RAM(AXETX)
FTX=1 .0

IF (AX.GT.I.0) ETX=I.O0-.075*((AX-1.0)**I.3S)
IF(AX.GT.5.O) ETX=800.0/((AX**4)+935.0)
RE TURN

END i
sIBFTC COM4P DEFCKq

Stiskil(TINE- C(JMP (PRCI,FTACI PIN, TI N S IN,FIIN vPU(I IJOT vSOUT ,HRifTf IF-U)
PnIJT =PRC*P IN

CAL TE;;(PUT22N TO TPSOUTPXOXO)

I TOIUTP=TOUTP/EXP((SOUTP-SIN)*4.)
IFR=l

2 H(UT=(fHOUTP-H IN)/FTAC).HIN
CALL THERMO(POUTHOT,TUT,S(jIJT,XO,X,1)
IER=0
RETURN
END
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sI-FTC COMB ObECK
SUBROUTINE COMf(PINfTOUT,HIN,ETABvDPBirPOUTHOtOT FRITV

DIMEN-SI N X(9)LO 
TtA LI _H

X(2)0O.O
X (3 )=O.O
_PUT=PIN*( 1.O-DPB)___

HV=f (((.4594317E-14*TOUT)._203411'6E-15 )*TUT+.,27F364iE1i )-TOOjT
tk?+.2Q15O1E-O7) *TOOT-. 245316E03) *TOUT-.9433296E-01) *TOIT+

2 .1845537E+05
CALL THERMO(POUT,HOUTATOUTtX1tX2,0,O. 90)
FAROUT= (HOUTA-HIN) /(HV*ETAB)
_FA RS=FAROUT
CALL rHER,4(POUT,HOUTTOUTSOUJT,XL,1,FAROUT,O)

I DELF AR=(FARS-FAROUT)/FAROUT_--
_CALL AFQUIR(X(l),TOU)T,O)ELFARO.,15.,.OOO1,.95,TNEW,icoN) - -

GO TO (2.493)9 ICON
2 TOUT=TNEW

- HV=((((((-.4594317E19*TOUT).2034116E-15)*TOUT+..2783643EI11[TOJT
1 +.2O515OIE-O7)*TOUT-.2453116E-'03)*-TOUT-.9433296EO1)*TIT+
2 .1845537E+05
CALL THERMO(POUTMOUTA,TOUbtXlX2,O,0.,O)
FARS=(HOUTA-HIN)/(HV*ETAB)
GO TO 1

3 wRITE(69100)
47 CALE-jHEAMO(POUjT,HOUT,TOUt;S~bi)TvXlIlFAROUTO) --

R ETU RN
100 FORMAT(38H STOICHIOMETRIC TEMP WILL NOT CONVERGE)

END

$IHFTC T(JRR DL-CK

SUJBROUT INE TLRB (PIN,HIN, SIN, FARI N, FTAT INIJHT IN, POUT ,TtUT,
1 HOIJT,snOT,IFR)
HOOJT =HIN DHTIN_ _____________________________

HOIJTP=HIN-DHTIN/ETATIN
-P-UI =P LNA..5
DO 1 J=1110
CALL. THERMO(POUT,HOUTPTOUTSOUTAMOUT,1,FARIN,1) --

IF(ABS,'SOUT-SIN).LT.0.00O1*SIN) GO TO 2
PT =PI

1*ALOG(POUT/P IN)))
IER-1
RETURN
CALL THERMO(PUU)T,HOUTTOJT,sOIJTX,1,FARINtl)
IER=O
RETURN - - ______________________________

END
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SIBFTC ABFIRE D5ECK
-- SUBROUTINE ABF -IREL(PINITI.ilNFARJN.ETABDObpWGINWF IN.PUTHOUT**
1 SOUT ,FAROiUT,WF,WGTOTIdFTOTHVI

DIMENSION 11914
X (2) =O *
9(3I=QO - _______ ___________________

POUT=PIN*( 1.-63B
CALL THER!!OjPOUT_? f TA i!IjTXbX2tlvFARINsO ___________

HV=( ((I((-.4594317E-19*TOUT)-.2034116E-15)*TOIJT+.2783643E-11).TOUT
I *.2Q51501F-O1)*Tl0I-24531 6-31*TOUT-29433296E-01)OTOUT+
2 .1845537E+05
FARX=(HOUA-HlN)/(HV*ETAB)
WF=FARX*WGIN

WFTOTzWF+WFII
.F A WJflWMDIJWAME1Lb

F AR S=AROUT
CALL_____________________________ltCALL7-- LHIiV±p~1TUS4TX FAROUT .01

1 DELFAR=Ir *RS-fAROUT)/FAROUT
CALL AFQUJIR(tH,TOUiJ,DELFAR,9.115.?.00oOo 095,TNEW, ICON)
GO TO Q1,4,310CON

z TOUT=Tff tj_________________________
HV=( U I I(-.4594317E-19*TOUJT)-.2034116E-15)*TOIJT+.2783643E-11)*TOUT
1 +.20-,x5OlE-07 )*TOUT-.2453116E-03)*TO&JT-.9433296E-01 )*TOUT+
2 .1841,537E+05

___CALL THERMO(POUTHOUTA,TOJT,XI,X2,O,0.,0)
FARX=IHGtJTA-4iIN)/IHV*ETAB)
WF=FAR X*IGIN
WGTOT=WF+WG IN
WFTOT =WF+WF IN_________________________
FAIS--WFTOT/ (w6in-4F 4)

- GO TO 1I__ _ _ _ __

3 i Tt4IT(6 1 -0)
4 CALL THERMO(POUT,HOUT , tTS 1 ,IIFAROUT 0)I

100 _FORMAT147H A8FIRE -STOICHIGMETRIC TEMP WILL NOT CONVERGE)U
END

SISFTC MOZ DECK
SUBROUTINE NO(1PHlTi,~IAI,~~,SOUT3

TSGJTmTTIN*6 £P%/PTIN*.o2S)

IF (TSOUTLT.300.0) TSOIT=300*O

IF(ASSSST-STIN).IT.O.OO1STINI 6O TO 2
1 TSOUTrnTSOIT/ IEXP £ SSOUT-STIN 1*)) -_________

WRITEI6,1001 P1,TINTSOUT
Z... RE-TURM______________________

100 FORDIAT(2991 NOZZLE DID NOT CONVERGE, P1-@ElS*6,7H, TTIN=9ElS.6v
1SH, TSOiUTgl5.6) - -- -

ENO
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S!BFTC ATM062 DECK
SUBROUTINE AT1MOS_(ZFTtM SGM A1 RO THETA, DELTA, CA, AMND, K)

C THIS IS A SUMqOUTINE TO COMPUJTE CERTAIN ELEMENTS OF THE 1962.
C MRS. SADR ATMOSPHERE UP TO 92 KILOMETERS.

C CALLING SEQUENCE*..

C CALL ATHOS ZF1, T~, SIGMA, RHO, THETA, ELTA, CA, AMU, K)
C____ ZFT =_GEOMETRIC ALTITUDE (FEET)_______________

C TM = MOLECULAR SCALE TEMPERATURE (DEGREES RANKINE)
SIGMA = RATIO OF (DENcTTY TO THAT AT SEA LEVEL________

C RHO DENSITY (LB-_cC**2-FT**(-4) OR SLUGS-FT**3)
C THETA = RATIO OF TEMPERATURE TO THAT AT SEA LEVEL___
C DELTA = RATIO OF PRESSURE TO THAT-AT SEA LEVEL-
C CA = SPEED OF SOUND (FT/SEC)____________
C AMUO VISCOSITY COEFFICIENT (LB-SECIFT..2i)

C K I NORMAL
C___ ALTITUDE LESS THAN -5000 METERS OR GREATER THAN 90 KM
C = LATING POINT OVERFLOW
C__ _ _ _ _ _ _

C ALL DATA AND FUNDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
C THESE QUANTITIES ARE DEFINED AS EXACT IN THIS SYSTEM.
C
C THE RADIUS OF THE EARTH (REFT59) IS THE VALUE ASSOCIATEDWITH THE
C 1959 AROC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
C ROUTINE WILL NOT REQUIRE ALTERATION TO USE THIS ROUTINE.

DIMENSION HB( jO) TNB( 10) DELTAB( 10) ,ALM( 10)
DATA(HBUlt TJ4B(I), DELTAB(I), ALM(I)tI=lvl0)/
A -5.0, 320.65, 1.75363E 00, -6.5,
8 O.Q001 288.15, 1.OOOOOE 00, -6.5, 1___
C 11.0, 216.65, 2*23361E-01, 0.0,
D 20.0, 216.65,9_ 5*40328E-02, 100 ___________ __

32.0, 228 665, 6.5663E -0, 28
F 47.0, 270.65, 1.09455E-03t 0.0,

G 52.0, 270.65, 5982289E-04 -2.0,f
H 61.0, __252.65, _1.79718E-041 -4.0, _____________

I 79.0, 180.65, 1.41~ 'E-0 5-t 00,
J 88.743, 180.65, 1.6223 E-061 0.0/; _____________

DATA REFT59/2.0855531E 07/,t GZ- f9.8066F#
A AMI /28.9644 /, RSTAR /8.31432/,
B FTTOKM/3.048E-04 /f S /110*4 /7

-C -~AMtZ /lo2024E-05 /, CAZ /1116.45/, _______

b- __RHOZ /0.076474 1, GZEC ?2T7t
C -CONVERT GEOMETRIC ALTITUDE TO GEOPOTENTI-AL ALTITUDE

HFT (REFT59/(REFT59+ZFT))*ZFT-
C CONVERT lIFT AND ZFT TO KILOMETERS

Z = FTTOKM* FT
H = FTTOKM*HFT ___ __

K= 1
TMZ =TMB(2)______

IF (H.LT.-5.0oOR.ZoGT.9O.0) GO TO 16
DO 10 M=1.10
IF (H-HB(M)) 11,12,10

10 CONTINUE
GO TO 16

11 M = H-1
12 DeLH =H-HB(M)

IF (ALM(M).EQ.O.0) GO TO 13
TMK =TBM-L~)DL

C GRADIENT IS NON ZERO, PAGE 10, EQUATION 1.2.1O-(3)
DELTA = DELTAB(M)*((TMB(M)/TMK **(GZ*AMZ/(RStAR.ALM(M-C~ T)iF -- -
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GO TO 14
-13 TMK - MB (M) ______________

C GRADIENT IS ZERO, PAGE 10, EQATION 1.2.10-i14)

14 THETA = TMK/TMZ
SIGMA -DYEJJA/THETA ________________

ALPHA x SORT(THETA**3)*((TMZ+S)/(TMK+S))
C CDONVERSI!L.TO ENGLISH UNITS __________

TM a 1.8*TMK
RHOl = fHfZ*'IMA/G7FNGi
CA = CAZ*SQRT(THETA)

__ AM = AMUZ*ALPHA/GZENG - __ ___________

CALL OVERFL4J)
GO TO (15w17), J i-_____________

15 K= K+ 2
GO TO 17

16 K =2
- 17 RETURN ___________

END
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SIIIFTC PROCOM DECK
SUBROUTINE PROCOM (FARX, TEX 9CSEX,9AKEX VCPEX RX.,PHI HEX).
IF(FARX.LE.O.067623) GO TO 1
FARX=9.067623
WRITE (6,101)

1 ELTQIjE1300.1 GO TO 2 ___________

TEX=300.
W.RITE(6tl02)-

2 IF(TEX.LE.4000.) GO TO 3
TEX=4000.
WRITE(6, 103)

3 IF(FARX.GE.0 GO TO 4
FARX=0.O
WRITE(69104)

C AIR PATH
4 CPA =((((((1.0115540F-25*TEX-1.4526770E-21)*TEX

I +1.6215767E-18)*TEX-I.51F8259E-14)*TEX-6.7178376E-12)
2 *TEX+6.5519486E-08 )*TEX-5.1536879E-05)*TEX+2.5O2OO51E-O1
HEA=(1UI (U1.2644425E-26*TEX-2.O752522E-22)*TEX
I +1.2702630E-18)*TEX-3.0256518E-15)*TEX-1 .6794594E-12 ).TEX
2 +2.1839826E-08)*TEX-2.5768440E-O5)*TEX+2.502OO51E-O1)*TEX
3-1,7558886F+00
SEA=+2.5020051E-01*AL-OG(TEX)+( ((C ((1.4450767E-26oTEX
I -2.42l1288E-22)*TEX+1.5243153E-18)*TEX-3.7820648E-15 )TEX
2 -2.2392790E-12)*TEX+3.2759743E-08 )*TEX-5.1576879E-05)*TEX
3 +4.5432300E-02
IF(FARX.LE.O.O) GO TO 5

C FUEL/AIR PATH
CPF =(((UU7.26787I0E-25*TEX-1.33566E-20)*TEx
1 +1 .0212913E-16)*TEX-4.2051104E-13)*TEX+9.9686793E-1O).TEX
2 -1.3771901E-06)*TEX+1.2258630E-c(13)*TEX+7.3816638E-02

HEF=((UI(((9.0848388E-26*TEX-1.9050949E-21)*TEX
I +1.721525E-17)*TEX-8.41O2208E-14)*TEX+2.4921698E-10)*TEX
2-4.5906332E-07)*TEX+6.1293150E-04)*TEx+7.3816638E-02)

3 *TEX+3.O581530F+O1_Y
SEF=+7.3816638E-02*ALOG(TEX)+( C(C (1.0382670E-25*TEX
I -2.2226118E-21)*TEX+2.0425826E-1?)*TEX-1.0512776E-i3)*TEX
2 +3.3228928E-102*TEX-6.8859505E-07)*TEx+1.2258630E-03)*TEX

-3 +6.48a398E-01
5 CPEX=CCPA+FARX*CPF)/(1.+FARX)

HEX=(HEA+FARX*HEFI)7( 1.+FARX)T
PHI=(SEA+FARX*SEF)/( 1.+FARX)
AM W=28 .9 7-. 946 186 *F ARX
REX=1 .986375/AMW
AKEX=CPEX/ CCPEX-REX)
CSEX=SQRT(AKEX*REX*TEX*25031 .37)
RETURN

101 FORMAT(lHO,64HINPUT FUEL-AIR RATIO ABOVE LIMITS, IT HAS BEEN RESET
2 TO 0.067623)

102 FORMAT.(IHO,35HPROCOM INPUT TEMPERATURE BELOW 300.)
103 FORMAT(IHO,36HPROCOM INPUT TEMPERATURE ABOVE 4000.)
104 FORMAT(IHO,38IIPROCOM INPUT FUEL-AIR RATIO BELOW ZERO)
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SIBFTC THERMO DECK
SUBROUTINE _THERMO (pjVHtX TXSAtXPLtFARPK)
FX=0,
IF(L.EQ.1) FXuFAR
IF(K.EQ.1) GO TO I
CALL PROCOM(FX,TX,CS,AK,CPR,PHI,HX)
GO TO 3

1 TX=4.*HX ___ _____________

D0 2 1=1
CALL PROCOM(FX*TXtCS*AK,CPtR,PHIPH)
DELH=HX-1
IF(ABS(DELH).LE.0.OOOO1*HX) GO TO 3

2 TX=TX.4.*DELH
WRITE (6. 100) ___ ___ _____ ____

3 SX-PHI-R*ALOG(PX)
AMX=1 .986375/B
RETURN

100 FORMAT(25H0N0 CONVERGENCE IN THERMO)_____
ENDI
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SIITSUBROUTINE AFOUIR(X,AIND,DEPFND,ANS,AJ,TOL ,DIR 2ANEWliCUN)-

DIMENSION X(9)
CX(ll=NAME OF ARBAY TO USE
C AIND=INDEPENDANT VARIABLE
CIJEPEND= DEPENDANT VARIABLE
C ANS=ANSWER UPON WHICH TO CUNVEkGE
C AJ=M AX NUMBER OF TRYS
C 1)L=PERCENT TOLERANCE FOR CONVERGENCE
C DIR=OIRECTION AND PERCENTAGE FOR FIRST GUESS
C ANEW=CALCULATED VALUE OiF NEXT TRY AT INDEPENDANT VARIABLE
C ICON=C ONTR OL =1 GO THRU LOOP AGAIN
C =2 YOU HAVE REACHED THE ANSWER
C =3 COUNTER HAS HIT LIMITS
C X(2)=COUNTER STORAGE
q X13)=CHQUSES METHOD OF CONVERGENCE
C X(4)=THIRD DEPEND VAR
C X(5)=THIRD IND VAR
C X(6)=SECDND DEPEND VAR
C X(NP =SFCDND IND VAR
C X 8)=FIRST DEPEND VAR
C X(9)=FIRST IND VAR
C X(3) MUST BE ZERO UPON FIRST ENTRY TO ROUTINE

Y =0.
IF (AN SII,2, 1

I DEP=DEPEND-ANS
TOt AN S=TOL*ANS ___________

GO TO 3
2 DEP=DEPENO

TDL A NS =TOt
3 IF(ABS(DEP)-TOLANS)5t5,4
4 IF-(X(2)-AJ)8,8,7

5 ANEW=AIND ________________

X(2)=O.
ICON=2
RETURN

6 ANEW=Y
X(2)=X(2)+1.
ICON=1 __ ______________________

RETURN
7 ANEW=Y

X(21=0.
ICON=3
RETURN

8 IF(X(3))9,9,12
C **FIR-ST GUESS USiNG DIR-
9 X(31=1.

X (8 3=D EP
X(9)=AIND
IF (A INO 10, 11, 10

10 Y=OIR*AIND ____

GO TO 6
11 Y=DIR

GO TO 6
12 IF(X(3)-l.)13913,16
C **LINEAR GUESS
13 X13)=2. ___ _____

x (6 ) =DEP
X17)=AIND
IF(X (8)-X(63 )14,9,14
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Y=X (9)-A*X (8)
IF(ABS(j0,*X(9))-A8S(Y))9 1? ______________________

C UtJAOKATIC iJIJS-S
16 X(4)(11-P

X (5 )=AJNO
IF (XI? )-X (53)18,17,18

17 II-(X(b)-X(4) 3139,13

19 IF (X(9)-X(5) )23,20,23
2u IF (X (8)-X(4) 321,22,21
21 X(9)=X(7)

X(83=X(b)
6ul TO 13

22 X(9)=X(7) ______________________________

X(B)=X(b)
X (3) =lI
IF-(X (9) 310 11, 10

23 IF(X(b)-X(4) )24i,2l,24
24 F=(X(6)-X(4) )I(X(7)-X(5))

C=X(4)+X(5)*(A*X (7)-F)
IF (A) 242,240,242

240 If-(6)241,7,241 1
241 Y=-C/8 B

60_TO_37_________________________________

242 1 F( B )247,T43, 247
243 IF(C)245,244,245
244 Y=o.

GO TO 37
245 G=-C/A

IF IG 7,7,246 ____________________________

246 YrSURT(G)
YY=-SLRT (G)--
6O TO 270

247 IFIC)249t2489249

248 Y=-B/A2(

249 D=4.*A*C/B**2
IF( 1.-DI 13,25,26

25 Y=-BI(2.*A)
GO GTO37

26 F=SQRT(1.-J ________________________

270 J=4
DEPMIN'=ABS(X(4))
DO 29 1=6,8,2
IF (OFPM IN-ABS(XII) ) 329, 29 ,28_____ __________

28 J1l
OEPMIN=ABS(X~i I)

29 CONTINUE
K=Ji-1
JFU(X(K)-Y)*(X(K)-YY))32932,30

30 IF(ABS(X(K)-Y)-ABS(X(K) --YY3337,t37,31

GO TO 37
32 IF(J-6)33,34,34
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ii JJ--J+2
KK=K+ 2
GOTO 35

14 JJ=J=2
KK=K-2

35 SLOPE=(X(KK)-X(K) )/(XfJJ)-X(J))

36 Y=YY
37 X(9)=X(7)

X(7)=X (5)
X-(§__7X (4)
GO TO 6

-- END
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EXAMPLE 1: SETUP OF CARPET DECK~

$JOB 0,02,0600 - 66-XXI* "mA SYN6OL
sisBJo HOSOURCE
$IbLDR CARPET___-- -- ______

SDT

$INPUT____________________________________________________________________

EA0 .8P426.0EOOvTB09*BC00PPn.2

S8KD A 0IJI

$INPUT ALPOOA=.IAN-15VC=.8tR=25kA=.7
ETATH=0.89eT4=m2160.,DPE=00O1,ETAB=0.96,PCBLC=0.O1 ,DPB=C.02,
PCBLT40.01vITITLEl-Z1$ NL-POL(OA6

$EOF 
fRO~
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TURBOJET - SINGLE-SPOOL (NO A/B)

ALTP = 0. AM = 0. VA 0 O.
DELTO = O. ETAR - 1.00000 CS = 1116.45

HPEXT = 0. LCSL = 0. CS a -
PCBLOW= 0. PCBLOB= 0. PCBLNZ= 0.
PCBLC = 0.01000 PCBLT4= 0.01000 PCBLHP= 07.-'.. . PCBLLP= O.

____PROA = 12.500 BPR 0. WAENG = 115.00

PRFT = 1.0000 ETAFT = 1.00000 WA24 = 0. WA26 = -0.
PRFH - 1.0000 ETAFH = 1.00000 WA21 =-115.000 BLLCSL= -0.
PRLP - 1.0000 ETALP = 1.00000 WA22 = 115.o000 BLHCSL =  0.
PRC = 12.5000 ETAC = 0.87000 WA3 = 113.850
OPO = 0. DPFH = 0. OPC 0.

PRESSURES IN ATMOSPHERES
P1 = 1.000 TI = 518.67 HI - 123.92
P2 = 1.000 T2 = 518.67 H2 123.92
P21H = 1.000 T21 = 518.67'H21 = 123.92 .
P21L 2 1.000
P22L = 1.000 T22 w 518.67 H22 = 123.92 BLOW a 0.
P22 = 1.000 BLOB a 0.
P3 = 12.500 T3 - 1135.75-°H3 = 274.91 BLC- a 1.150
P4 = 12.250 T4 a 2160.00 H4 = 560.29 WG4 = 115.686
OPB = 0.0200 ETAB = 0.98000FR4 - 0.01612F -F4 a 1.8355
P41 - 12.250 T41 = 2150.64 H41 = 557.48 BLT4 = 1.150
P5 = 3.264 TS = 1623.58 H5 - 408.86 WG41 a 116.836
PRTH = 3.7526 ETATH = 0.89000 OPT 0
P51 2 3.264 T51 = 1623.58" H51 408.86 RLHOP = -
P55 2 3.265 T55 = 1623.58 H55- 408.86 WG51 116.836
PRTL = 0.9998 ETATL - 1.00000 OPE = 0.01000
P56 = 3.265 T56 = 1623.58 H56 = 408.86 BLLP = .
P6 3.232 T6 = 1623.58 H6 408.86 WG56 116.836
P7 = 3.232 T7 = 1623.58 H7 = 408.86 WG7 = 116.836
P8 2 3.232 T8 = 1623.58 H8 "408.86 BLN OZ w 0.
V9 a 2342.97 TS9 n 1201.48 HS9 = 295.82 WG8 - 116.836

P24 n 0. T24 = 0. H24 0
P26 = 0. T26 = 0. H26 0.
P27 = 0. T27 = 0. H27 = 0. WG27 = -0.
P28 = 0. T28 - H28 -0. WG2 =-0,
V29 - O. TS29 - 0. H529 a 0.

FAR41 = 0.01596 FAR51 = 0.01596 FAR56 = 0.01596
FAR7 = 0761 U_--'0.01596 FAR27 -0-.O0000
HV = 17360.2 HV7 z -0.0 HV27 a -0.0
CV = 0,98500 V9 = 2342.97 V29 a 0.

FN/WA = 73.984 THG9 m 73.984 TIZ9 --0.
ETAP 0 0. ETATHM= 0. ETAO a 0.
SFCU 0.7666-M"FG 8508.2 FN - 8508.2

THIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFT# UNINC,
COMPONENTS BRANCH TURBINE ENGINE DIVISION

U.S. AIR FORCE AERO PROPULSION LAB0RtTOR .. .. .
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$DATA
$INPUT ALTP=0.OAN=O.0,WAENG=115. ,CV=O.985,PRC-12.5,ETAC-0.87,
ETATH=O.89,T4=2160.,DPE=O.OlETAB=O.98,PCBLC=O.011 OPB=0.02,
IDEL=1,
PCBLT4=0.O1 ,IT) TLE1lS

DESIGN DERIVATIVE - TURBOJEI SINGLE-SPOOL (NO A/B)
ETAC DELTA 0.01
PRC PERCNT 0.02
CV DELTA 0.015 PLUS
T4 DELTA 100.
GOON
SEOF
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DESIGN DERIVATIVE - TURBOJET - SINGLE-SPOUL (NO A/B)
BASE POIN.T

ALTP = 0. Ari = 0. VA 0

DELTO = 0. ETAR = 1.0000u CS = 1116.45

HPEXT 0. LCSL = 0. HCSL = 0.
PCBLOP= 0. PCBLOB= 0. PCBLNZ= 0.
PCBLC = 0.01000 PCBLT4= 0.01000 PCBLHP= 0. PCBLLP= 0.
PROA = 12.500 BPR = 0. WAENG = 115.00

PRFT = 1.0000 ETAFT = 1.00000 WA24 = 0. IA26 = -0.

PRFH = 1.0000 ETAFH = 1.00000 WA21 = 115.000 BLLCSL= 0.
PRLP = 1.0000 ETALP = 1.00000 HA22 = 115.600 V LHCS1= ).
PRC = 12.5000 ETAC = 0.87000 WA3 = 113.850 I
DPD = 0. DPFH = 0. UPC = 0.

PRESSURES IN ATiOSPHERES
PI = 1.000 TI = 518.67 HI = 123.92
P2 = 1.000 T2 = 518.67 H2 = 123.92
P211r = 1.000 T21 = 518.67 H21 = 123.92
P21L = 1.000
P22L = 1.000 T22 = 518.67 H22 = 123.92 BLOW = 0.
P22 = 1.000 BLO1B = 0.
P3 = 12.500 T3 = 1135.75 H3 = 274.91 BLC 1.150
P4 = 12.250 T4 = 2160.00 H4 = 560.29 'VG4 = 115.686
DPB = 0.0200 ETAB = 0.98000 FAR4 = 0.01612 'IF4 = 1.4355
P41 = 12.250 T41 = 2150.64 H41 = 557.48 BLT4 = 1.150
P5 = 3.264 T5 = 1623.58 H5 = 408.86 WG41 = 116.836
PRTH = 3.7526 ETATH = 0.89000 OPT = 0.
P51 = 3.264 T51 = 1623.58 H51 = 408.86 BLHP = 0.
P55 3.265 T55 = 1623.58 1155 = 408.86 11651 = 116.836
PRTL =0.9998 ETATL = 1.00000 DPE = 0.01000

P56 = 3.265 T56 = 1623.58 H56 = 400.86 BLLP = 0.
P6 = 3.232 T6 = 1623.58 116 = 408.86 WG56 = 116.836
P7 = 3.232 T7 = 1623.58 H7 = 408.86 1167 = 116.836
P8 = 3.232 T8 = 1623.58 H8 408.86 BLiIUZ = 0.
V9 = 2342.97 TS9 = 1201.4S HS9 = 295.82 l!G8 = 116.836

P24 = 0. T24 = 0. H24 = 0.
P26 = 0. T26 = 0. H26 0.
P27 = 0. T27 = 0. H27 = 0. 1G27 = -0.
P28 = 0. T28 = 0. H28 = 0. OG28 = -0.
V29 = 0. TS29 = 0. HS29 = 0.

FAR41 = 0.01596 FAR51 = 0.01596 FAR56 = 0.01596
FAR7 = 0.01596 FAR8 = 0.01596 FAR27 =-0.00000
F-V = 17360.2 HV7 = -0.0 HV27 = -0.0
CV = 0.98500 V9 = 2342.97 V29 = 0.

Fi/IA = 73.984 THG9 = 73.984 THG29 = -0.
ETAP = 0. ETATH1'= 0. ETAO = 0.
SFCU = 0.77666 FG = 8508.2 Fill = 8508.2
SFC/SFCB = 1.00000 FIj/F,1B = 1.00000

THIS PROGRAi '-AS DEVELOPED BY FUTILITY AIRCRAFT, UHINC.
COMPONENTS BRANCH TURBIV!E ENGINE 1IVISION

U.S. AIR FORCE AERO PROPULSII)N LABORATORY
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DESI~i DERIVATIVE '-TURBOJET siWiqur-spopi. --(fqf A/B)
Bl.ASE POINiT- VARYIrJC ETAC BY, + 1 .- PERCEN';T (DLETA 0.010)

ALTP = 0. A-i, = 0. VA '0.

DELTO = O; ETAR = 1.00006 CS = 1"116,45

HPEX C = U. LCSL 0. HCSL = 0.
PCiL);W= O PCBLOB= 0. PCBL'Z= 0.
PCBiLC = 0.0100P PCBLT4='0.01000 PCbLiP= 0. PCBLLP= 0.
PR(JA = !2.500 BPR = 0. IAENG = 115.00.

PRFT = 1.0000 ETAFT = i.00000 8A24 = 0. WA26 = -0.
PRFH = 1.0000 ETAFH- = 1.00000 WA21 = 115.000 PLLCSL =  O
PRLP = 1.0000 ETALP = 1.00000 WA22 = 115.000 itLfiCSL= 0.
PRC .12.5(J00 ETAC = 0.88000- WA3 = 113.850
DPI) = . DPFH = 0. DPC = 0.

PRESSURES I0 ATIoOSPHERES
P1 = 1.000 TI = 518.67 HI = 123-92
P2 1.0() T2 = 511.67 112 = 123,.92
P21H = 1.000 T21 518.67 'P21 = 123.92
P2iL = 1.000
P22. = i..000 T22 = 518.67 H22 = 123.92 tL0W = '0.
P22 = 1.000 BLoP, 0.
P8 = 12.500, T3 = 1128.96 H3 = 273.19 BILC = 1.150'
P4 = 12.250 T4 = 2160.00 H4 = 560.35 P(4 = 115.697
DPB = 0.0200 ETAB = 0.98000 FAR4 = 0.01622 'F4 = 1.H470
P41- = 12.250 T41 = 2150.58 H41 = 557.53 BLT4 = 1.150

P5 = 3.323 T5 = 1629.8i 445 = 410.61 tVI141" = 116.847,
PRTH = 3.6861 ETATH = 0.89000 I)PT = 0.
P51 = 3.323 .TS1 =' 629.81 H51 = 410.61 BLHP = 0.
P55 = 3.Z24 T55 = 1629.81 H55 = 410.61 1-651 116.847
PRTL 0.9.998 ETATL = 1.00000 DOE -b ;01600
P56 = 3.324 T56 = 1629.81 H56 410.'61 BLIP = 0.
P 6 3 .291 T6 = 1629.81 H6 410.61 WG56 '116.847
P7 3.291 -t7 = 1629.81 H7 410.61 WG7 = 116.847
P8 = 3.291 T8 = 1629.81 118 410.61 BL,'OZ = 0.
V9 = 2362.84 TS9' = 12Q0.73 HS9 = 295.65 !.G8 = 116.847

P24 0. T24 0. H24 - 0.
P26 0. T26 = 0. H26 0.
P27 = 0. T27 = "0H' ±i27 = 0. WG27 = -0.
P2e = 0.- T28 0. H28 = 0. "G28 = -0.
V29 = 0. TS29 = 0. HS29 = 0.

FAK41 = 0.01606 FAI51 = 0.01606 FAR56 = 0.01606
Fi\I7 = 0.01606 FAI18' = 0.01606 FAk27 =-0.00000
HV = 17360.2 HV7 = -0.0 11V27 = -0.0
CV = 0.98500 V9 = '2362.84 V29 = 0.

F,1'.I"A= 74.619 THG9 = 74.619 THG29 "0.

ETAP = 0. :TATH-'= 0. ETAO = 0.
SFCIJ = 0.77487 FG = 8581.2 FA = 8581.2
SFCSFCI i 0.99770 FP/Fi'B = 1.00856

THIIS PROG,i BAS EVEIOPEI) 6Y FUTILITY AIRCRAFT, U.,IiC.
Ct,,POI'EI'TS i)RAiEG'ClI TURIIE .N(IIE lVISI

u.S. AIR FOiRC AFRO PRUPULSIOIN LABORTO Y
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A*APLrTR-8-8S

DESIGN DERIVATIVE- TUkBUJET - SIidGLE-P(OL (N4) A/U)
BASE POINT - VARYING -TA- BY - 1.1 PERCEltT (DELTA = 0.010)

ALTP C AI '0. VA = 0.,
IDELTO = 0'. ETAR 1.00000 CS 1116.45

HPIEXT = o. LCSL 0. HCSL 0.
PC6L0IW- O. PCRLOB= 0. PCIl.NZ = 0.
PCILC = 0.01000 PCBLT4= 0.01000 PCflilHi ) = 0. PCILLP= 0.
PIMA = 12.500 IPiR 0. o AEiG 115.00

, PRFT, = 1.0000 ET/AFT = 1.00000 IWA24 = 0. !A26 = -0.
-PRFH = 1.000 ETAFP = 1.00000 'A2 = 115.00" BLCSL= 0.
PRLP = 1.0000 ETALP 1.00000 I1A22 = 115.000 bLHCSL= 0.
PRC = 12.5000 ETAC = 0.&6000 HA"3 11o850
I)I) = 0. !)PFH- = 0. I)PC = .0.

.PRESSURES Irl ATifSPlER ERS

P! = 1.000 TI = t' rg.67 HI = 123.92'
P2 = 100( T2 = 51b.67 H2 = 123.92
P21H = 1.000 T21 = 518.67 H21 = 123.9?
P21L" = - 1.00)
f 22L = 1.00 T22 b18.67 H22 = 123.92 b UJLU = .0.
P22 = 1 00 HL- = 0.
P3 = 12.500 T3 = 11,2.70 H3 = 276.67 11LC = 1.150
P4 = 1,2.2,0 T4 = 216o.00 H4 560.22 i:.4 = 115.674
Ii = 0.020() ETA6 = O.Y80)0 FAV4 = 0.01602 !iF,, 1!.238

P41 = 12.250 T41 = 2150.69 H4i = 557°3 61LT4 = 1.150
P5 3.205 T5 = 16.17.20' HS 0 7.(6 t=S'1= 116.824
PRTH = 3.8222 ETATH = 0.89000 IP' = 0.
P51 3'.205 T51 = i617.20 H1 47.06 iLi:P = '
P55 = 3.205 T55 = Hl5ll.20 556 = =:07°06 i51 = 1
PRTL = 0.9998 ETATI. = 1.0000 1) P14 0.01000
P56 = 3.205 T56 = 1617.2(0 H56- 407.06 ;IlIP = 0.
P6 = 3.173 T6 = 1617.20 P6 = 407.06 ';50 = 116.324
P7 = 3.173 T7 = 1617.20 '7 = F(.06 ';7 = 116.k24
P8 = 3.173 T,1 = 1617.20 !8 = 407.06 IL0Y. = .
V9 = 2322.44 TS9 1202.26 HS9 = 296.00 Z08  = 116.'24

"P24 = 0. 724 o. H24 0.
P26 = 0. T26 = O. H26 = 0.
P27 = 0. T27 = 0. P27 = 0. ';;27 = -0.
P2b = U. T2 = . 12 = O. !(;2A = -0.
V29 u. TS2Y = 0. HS29 = 0.

FAR41 = 0.015116 FARSI 0.01586 FAR56 = 0.013916
FAR? = 0.0156 FAt = 0.015,6 FAR27 =-O . 00]
HV = 17,360.2 HV' = -0.0 HV27 = -0.0
CV = 0.985(0 V9 = 2322.44 V2 .  = .

t011/ A = 73.328 7(;9 = 73".32 T62= - .

4TAP = U. V(/4T:-AIi= 0. ETA* =' TA .
SFC(, = 0.77;159 F(; = 432.b Fr' = 32.1
SFC/SF:CR = 1.0024o FO/FOP = j. !91'4;

TlIS PI'(;RA;.i ',j5 i)i=VtLoI,ltLt) !Y F UTILITY MI! C;,AFT, W I 'IC.

II.S. AM FIOiRCE Al.R PWIPL'LSIW;, Ll.il1lf TiRY
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AFAPL-T.R48r6&

IDESIGlN -DFRIVAT-IVE -TURBO)JFT -SINGLE-SPOUI. (vi -. ',)-
BI4SE PoItT - VARYI'JG -PrC By + 2.0 'PEPCFW4 ('jiLT!A 0.250Y

ALTP 0. At-, -' -VA V .
D)ELfO 0. iTAP. =ioo 1.000 111'6l.45

HPEXT O 0 LCSL = 0. HCSL = 0.
PC'BLiJ!= 0. PCBLI3EZ 0. -9C8LNZ= 0.
PCI3LC 0 .01000 PCBLT4= 0401fj000 PsCbiLHP= ").' PC'--LLP0.

PRk= 12.7501 EPA, 0. AEIll = -115.00

PRFT =1.0000 ETAFtt =V00000 PA2A4 = 0. tbZ6 -. H
PRFH 1.0000 ETAF +, l,'.0O() 6 P 0 A21 = 1 15.uOO I-L(;SL= 0.

'PRLP =1.0000 ETALP '=1.00000 'A22 = 115.000 i.LrICZ:L= (P.

PkC = 12.7500 FTiAC = 0.817000 HIit -- ';Ir3. 550
I)i) = PFH = 6. i)pc 0.

PkESSURES IN4 ATi-iOSPHERF.S
P1i 1.000 'T I = 51A.67 NI. = M2.9?
P2 = 1.000 T2 = b1i.67 H42 = 2.9
IP21H 1.600 T21 = 518.67 l- 2I = 123.92
P21L 1.06
P221 . = .000 T2% = 518.67 1-22 = 123.92 5LU (to
P22, 4 .0uo I;Uhfs U
P3' = 12,750 T3 =1142.29 113 = 276.56 AC0 I 1*5 Imbl
P4 = 12i495 T4 2160.00 144 = ! 60.22 .164 = 115.674
t)P6 = 0.0200- I-Tb =' 0.(Mm Fi;R4 = 0.t01603 1-IF4 = 1.;i245i
P411 = 12.495 T41 =2150.69 J441 = .557.1,3 B31.T4 = i15) 0
P5 = 3.273 15 4 017.1.P7 i 407.17 4;1 = 11 h. z-21

PkTH 3.81tti -a 'TH 0.89600 IjPT 0
'P51 = 30274 5" 1017.537 F:4l 407.17 ;111P = '.

PFtTL =C.9998 L CATL =1.00000 IsPL = 10. Q 1000
P56 3 3.2 73 T56 =1'617. n8 Ni56 =40.1 F/ 9lp = 00.
PA BO y.~ a6 =1617.D8 !!6 = 407.17 tI5 6 = 116.8214
p 7 = 392,6) T 7? 1617.5v HY 407.-17 i*'; 1J16.1)24
p8 F 3.9240- VI' =1b17.5e ob. = 4t)7.17 BLIi~l2
V9 2340.60 TS9 = 1195.96 ;S9 2%14.36 !:(;O = 110.K24

P24 = U. T2 4 H.124 0
P20-= 0. 726 0. -H26 = 0.
P27 = 0. T27 0 o. H427 '. :(;27
p2b = 0. T20 = 0. i:-0 j= 0 I '
V29 U'(. TS29 4) 0. S429 (I1

FAK41 0.01587 FARSL 0.015!0 FARi56 0 .0 5:17
FAR7 0.01587 F AR8 0.01 5,k7 FA 27 =-0.0000(!

H = 17360.2 H-V7 .U HV27
4CV 0.96500 V9 2B40.60 V/29 I

*FN/''A =73.902 THu9 =73.902 Y.4 t;2 9 =-0.

t'TA P =0. rTATHie 0. t T.iii 0.
SlFCII 0. 77283 F-(G F 4 9 a 'Fl" = 8496,.n
SFC/SFC6 = 0J.99507 r.o/Faot, = 1910

THI S PkU(;RAV *-*/,S 4i)'.'iL6P-e; 6Y FUT IL ITY Af'Ikl't 6, 0CJ .c:
CGm(3r-AjiTS I'RAOUTi'iChL -'P

1..AIP FiJPCh 1AFRO PRIIPOLS ILIM~ LA4l. ItTfll(Y
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A1FAPLrTR-U8-S8

DESIGN DERIVATIVE - TURBOJET - SINGLE-SPOOL (WO A/B)
BASE POINT - VARYING -PRC BY - 2.0 PERCENT (DELTA = 0.250)

ALTP = O. A' = 0. VA = 0.
DELTO = 0. ETAR, 1.00000 CS = 1116.45

HPEXT 0. LCSL = 0. HCSL -0.PCBO 0. PCBLOB 0. PCBLNZ- 0.
PCBLC = 0.01000 PCBLT4= 0.01000 PCBLHP= 0. PCBLLP = 0.
PROA. 12.250 BPR 0. 'AENG = 115.00

PRFT = 1.0000 ETAFT = 1.00000 WA24 = 0. WA26 -o.
PRFH 1.0000 ETAFH'= 1.00000 IIA21 = 115.000 ,LLCSL= 0.
PRLP' = 1.0000 ETALP = 1.00000 WA22 = '15.000 BLHCSL= 0.
PRC 12.2500 ETAC = 0.87000 WA3 = 113.850
DPD = 0. DPFH = O. DPC = o.

PRESSURES IN ATMOSPHERES
P1 1.000 Ti 518.67 HI = 123.92
P2 1.000 T2 518.67 H2 = 123.92
P21H = 1.000 T21 = 518.67 H21 = 123.92
P21L = 1.000
P22L = 4.000, T22 = 518.67 -H22 = 123.92 BLON' 0.
P22 1.000 SLUIB = 0.
P3 = 12.250 T3 = 1129.11 H3 273.23 bLC = 1.150
P4 = 12.005 T4 = 2160.00 H4 = 560.35 W64 = 115.697
DPB = 0.0200 ETAB = 0-98000 FAR4 = 0.01622 OF4 = 1.13468
P41 = 12.005 T41 = 2150.58 H41 = 557.53 l!LT4 = 1.150
P5 = 3.256 T5 = 1629.6,7 H5 = 410.57 "641 = 116.847
PRTH 3.6875 ETATH = 0.89000 OPT = 01.
P51 = 3.256 T51 = 1629.67 H51 = 410.57 BLHP = 0.
P55 = 3.256 T55 = 1629,.67 H55 = 410.57 WG51 = 116.847
PRTL = 0.9998 ETATL 1.00000 DPE = 0.01000
P56 = 3.256 T56 = 1629.67 H56 = 410.57 BLLP = 0.
P6 = 3.224 T6 = 1629.67 H6 = 41057 tG56 = 116.847
P7 = 3.224 T7 = 1629.67 H7 = 410.57, 'IG7 = 3:16.847
P8 = 3.224 T8 1629.67 H8 = 410.57 8L!JOZ = .
V9 : 2345.19 TS9 = 1207.14 HS9 = 297.33 WG8 = 116.847

P24 = 0. T24 = 0. H24 = 0.
P26 = 0. T26 O. H26 = 0.
P27 0 0. T27 = 0. H27 = 0. ;2 = -0.
P28 = 0. T28 = 0. H28 = 0. i!G28 = -0.
V29 = 0. TS29 0 0. HS29 = 0.

FAR41 = 0.01606 FAR51 = 0.01606 FAR56 =0.01606FAR7 = 0.01606 FAR8 = 0.01606 FAR27 =-0.00000 °

HV = 17360.2 HV7 = -0.0 HV2"7 -040

CV 0.98500 V9 = 2345.19 V29 0.

FN/WA = 74.061' THG9 = 74-.061 THG29 = -0.
ETAP = 0. ETATHt.= 0. ETAO = 0.
SFCU = 0.78060 FG = 8517.0 FN 8517.0
SFC/SFCC = 1.00507 FN/FNB= 1.00104

THIS PROGRAM OAS DEVELOPED BY FUTILITY AIRCRAFT, U"rINC.
COMPONENTS BRANCH TURFM1P ENGINE i)]VISII'i'i

U.S. AIR FORCE AERU PROPUJLSIOJ LABOR'ATORY
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AFAPL-TR-68-88

I)FSI(;I PFRIVATIVE - TUkBOJFT S-IIGLE-SPl(JI. (I,'l A/6),
3ASE POINT- VARYINIGCV BY + 1.5 PERCENT (1DELTA = n.015)

ALTP = . Ai, 0. VA = 0.
DELTO = 0. ETAR 1.o000M CS 1116.45

HPEXT = 0. LCSL = 0. HCSL = 0.
PC 0L1= 0. PC3LOB= O. PCBLNZ= 0.
PCBLC- '0.01000 PCSLT4= 0.01000 PCBLHP= 0. PCBLLP= -0.

PROA = i2.500 BPR 0. WAE.!G- = 115.00

PRFT = 1.0000 ETAFT = 1.00000 '!A24 = -0. WA26 = -0.
PRFH = 1. 00o0 ETAFH = 1.00000 !IA21 = 115.000 BLLCSL= 0.
PRLP = 1.001 0 ETALP = 1.00000 IVA22 = 115.000 BLHCSL =  0.
PRC = 12.5000 ETAC 0.87000 WA3 = 113.850
-IPD = . DPFH 0., DPC = 0,

PRESSURES I.I ATICOSPHERES
P1 = I.000 T1 = :518.67 Hi = 123.92
P2 = 1.000 T2 = 518.67 H2 = 123.92
P21H = i.000 T21 = 518.67 H21 = 123.92
P21L = 1.000
P22L = 1.000 T22 518.67 H22 = 123.92 BLOW = 0.
R22 = 1.000 6LUB = 0.
P3 = 12.500 T3 = 1-135.75 H3 = 274.91 BLC = 1.150
P4 = 12.250 T4 = 2160.00 H4 = 560.29 !G4 = 115.686 -

UPB = 0.0200 ETAB =,0.98000 FAR4 = 0.01612 14F4 = 1.8355
P41 = 12 250 T41 = 2150.64 H41 = 557.48 BLT4 = 1.150

P5 = 3.264 T5 = 1623.58 H5 = 408.86 VG41 = 116.836
PRTH 3.7526 ETATH = 0.89000 OPT = 0.
PSI = 3.264 T51 = 1623.58 H51 = 408.86 ELHP = 0.
P55 = 32'65 T55 = 1623.58 H55 = 408.86 .G51 =1 116.836
PRTL = 0.9998 ETATL = 1.00000- DPE = 0.01000
P56 = 3.265 T56 = 1623.58 H56 408.86 BLLP 0.
P6 = 3.232' T6 = 1623.58 H6 = 408.86 PG.56 = I16.836
P7 = 3.232 T7 = 1623.58 H7 = 408.86 WG7 = 116.b36
P8 = 3.232 T8 = 1623.58 P8 = 408.86 BLiMUZ = 0.
V9 = 2378.65 TS9 = 1201.48 HS9 = 295.82 WG8 1 116.836

P24 = 0. T24 0. H24 = 0.
P26 0. T26 0. H26 = 0.
P27 = 0. T27 0. H27 = 0. lIG27 = -0.
P28 = 0. T28 0. H28 - 0. !-,G28 = -0.
V29 . tS29 = 0. HS29 = 0.

FAR41 = 0.01596 FAR51 = 0.01596 FAR56 =10.01596
FAe7 = 0.01596 FAR8 = 0,;01596 I:AR27 =-0.00000
tV = 17360.2 HV7 -0.0 HV27 = -0.0
CV = 1.00000 V9 2578 65 V29 =

FN/WA = 75.111 THG9- 75.,11 THG29 = -0.
ETAP 0. ETATHR= 0. ETAO = 0.

SFCJ = 0.76501 FG = 8637.7 FMJ = 8637.7
SFC/SFCB = 0.98500 FO/F04B = .1.01523

THIS PROGR/ioi WAS DEVELOPEI) 3Y FUTILITY -AIRCRAFT, MNINC.
SC(piUP'Er' TS ,IRAitCH TUR[VI)'1E !NG II-F I)IVISIOI:

U.S. AIR FORCE AER0 PRlPULSION LAWIORAT(.hY -

55.
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AFAPL-TR---

DESIGW DERIVAT-IVE - TURBOJET SINGLE-SPOOL ('o A/B
BASE POIiNT - VARY1iPG T4 bY + 4.6 PEftCENT (DELTA =100.000)

ALTP 0. Art = 0., VA = 0.
DELTO = 0. ETAR' = 1.00000 CS 1116.45

,; HPEXt- 0 . LCSL = 0. HCSL = 0.
0' PCBLOl!= 0. PclBaO= 0. PCLfvZ = 0
PCBL= 0.01000 PCBLT4= 0.01000 PCBLHP= 0. PC'LLP= 0.

PROA' 12.5-0 B P = 0. .AENG = 415.00

PRFT " 1.0000 ETAFT = 1.00000 WA24 = 0. 1iA26 = -0.
PRFH = 1.0000 ETAFH = 1.00000 VA21 = 115.000 ILLCSL 0.
PRLP = 1.0000 ETALP = 1.00000 WA22 = 115.000 BLHCSI= 0.
V'RKC 12.5000 ETAC = 0.8700 WA3 = 113.850
DPt) = 0. bPFH = 0. DPC 6.

PRESSURES IN iATUSPHERES
PI 1.000 TZ = 518.67 Hi = 123.92
P2 1.000 T2 = 518.67 H2' = 123.92
P21H-= 1.000 T2I = :18.67 H21 = 123.92
P21L 1.00)
P22L 1.000 T22 = 518.67 H22 = 123.92 l.f,'. = 0.P I22 1 1000 8L(OB = 0.

P3 1'.2*0U T3 = 1135.75 H3 = 274.*91 ° i LC = I.150
P4, 12.250 T4 = 2260.00 H44 = 590.53 1;G4 = 11-5.H83
DPB 0.0200 ETA3 = 0.9h000 FAR4 = 0.01786 0F4 = 2.0333
P41 = 12.250 T4! = 2249.79 P41 = 587.42 I;LT4 = 1.150
P5 = 3-512 T5 = 1729.95 H5 = 439.05 0(41 = 117.023
R RTH = 3.4878 ETATH = 0..s9000 DPT = 0.
P51 3.512 T! 1 = F151 5 439 :1 , LHP = O.
P55 = 3.513 T55 = 1t29.96 H55 = 439.05 1:651 = 17.033
PRTL = (i.999.5 ET'fL = !.00000 I)PE = (1.01000
P56 = 3.513 T56 i729.96 H56 = 439.05 1 LP = 0.
pb = 3.478 T6 = 1729.96 46 = 439.0 i;;56 = 117.033
P7 3.47H T7 = 1 t%9.96 117 = 4'39.05 !j;7 = 117.033
P8 - 3.478 T8 = 1"29.96 Hb = 439.05 blOU.Z = 0.
V9 = 2414.42 TS9 = 1261.29 HS9 = 311.96 '#G! = 117.033

P24 0. T24 24. = o.
P26 = 0. T26 -. P26 = (;.
P27 0. T27 '. 27 = 0. (;27 = -0.
P2(1 = u. 728 - 0. P28 =- 0. = -0.
V29 = 0. TS29 = 0. HS29 = 0.

FiRAI = 0.01768 FAi,51 = 0.01768 FAR56 = 0.01768
FAR7 = 0.01"16. FAIR8 = 01.01768 FAi027 =-0.00000
HV = 17280.5 l1V7 = -(.0 HV27 = -0.0
CV- = 0.98500( V9, = 2-P4,2 V29 0.

F-.-/1A = 78.583 THGQ 7(i.583 TH(29 = -0.
ETAP = 0. 0TT...= O, rTA() = ,.
SFCIM = O.P0996 F( = 9037.1 F, = 9037.1
SFC/,SFC13 = 1.042 8 FN/F.AD = 1.06217

TFIS PRI1GRA:*i 'AS {)I-V.LWOP i; 8Y FUTILITY AIlRCki'FT, 0011-C.
COm PONFI TS BRi'CP TIIPH l;'D :I,,'( I V IV IS 1 0

U.S. All', FORCIE AER PROPULSIOiI LAMIIPATOY
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AFAPL-TR-6S-66

DESIGN nERIVATIVE - TUR8)JFT SIGLE-SPfUL 41411 A/?,):
BASE POINT - VARYIG T4 BY - 4.6 PERCENT (I)ELTA =100(.000)

ALTP 0. AM = 0. VA = 0 ,
DELTO = 0. ETAP. = 1.00000 CS 1116.45

HPEXT = 0. LCSL = 0. ICSL 0.
PCBLOW= ,0. PCBLOB= 0. PC8LiZ= 0.,
PCBLC = 0.0100, PCBLT4= 0.01000 PCBLhP= O PCBLLP= 0.
PRUA = 12.500, BPR = 0. 'AENG = 115.00

PRFT = i.0000 ETAFT - 1.00000 "A24 = 0. IIA26 = -0.
PRFH = 1.0000 ETAFH 1.00000 1.'A21 = i15.000 II.LCSL= W.
PRLP = 1.0000 ETALP = l6000 '.,IA22 = 115.000 BI6iCSL =  0.
PRC = 12.5000 ETAC = 0.87000 WA3 113.850
IDo 0. ,PFH = 0. DPC = 0.

PRESSURES IN ATI, LSPHERES
PI = 1.000 TI = 518.67- HI = 123.92
P2 1.000 T2 = 514-.67 H42 = 123.92
P21H = 1.000 T21 = 518.67 1421 = 123-.92
P21L : .obo
P221 = 1.000 T22 = 518.67 022 = 123.92 lILOi - 0.
P22 = 1.000 j LOB - 0.
P3 = 12.500 T3 = 1135.75 F3 = 274.91 BLC = 1.150
P4 = 12.250 T4 = 2060.00 H4 = 530.45 0;4 = 115.491
DPB = 0.0200 ETAB = 0.98000 FAR4, = 0.01.4i1 lF4 1.6411
P41 = 12.250 T41 = 2051.49 F41 = 527.93 3T4 = 1150
P5 = 3'.007 T5 = 1:16.82 F5 = 379.06 '!G41 116.641
PRTH' = 4.0741 ETAT = 0.89000 OPT = 0.,
P51 3.007 T51 = 1:516.82 H51 = 379.06, BLHP = 0..
P55 = 3.007 T55 = 1r516.82 H55 = 379.06 0051 = 116.641
PRTL. = -0.998 ETATL = 1.00060 DPE - 010100)
P56 3.007- T56 f= 1516.82 F.56 = 37e,.;06 BLIP = 0.
P6 = 2.977 T6 = 1516.82 H6 = 379.06 ,1-156 = 116.64i
P7 = 2.977 T7 = 1516.82 H7 = 379.06 SG7 = 116.641
P8 = 2.977 T8 = 1516:082 118 =-,79.06, 3LNOX = 0.
V9 = 2192.59 1S9 = 1142,.38 14S9 260.07 ,"Gk = 116.641

P24 0 0. T24 0. H24 0.
P26 U. T26- 0. H26 = 0.
P27 = 0. T27 0 0. H-27 0 . ,G27 = -0.
P28 = O. T28 = P0 H28 = 0. U!028 = -0.
V29 = 0. rs29 = 0. HS29 = (.

FAR41 = 0.01427 FARSI = 0.01427 FAR56 = 0.01427
FAR7 = 0.01427 FARB = 0.01427 FAR27 =-0.00000
HV = 17438.!/ HV7' -0.0 HV27 = "0.0
CV = 0.985',.(0 V9 - 2192.59 V29 = 0.

F,-IlJA 69.120 TH(;9 = 60. 120 Tilt;29 = -0.

ETAP 0. ETATHri= 0. FTAI = 0.
SFCU 0.74323 FG = 7948.8 FN = 7948.8
SFC/SFCB = 0.95695 F1-/FI.B = 0.93426

THIS PRO(RA,, "AS DEVELOPED BY FUTILITY AIRCRAFT, M1i I4C,
CO1,IPONENTS BRA'iCH TURBIhE EIO(;hE PlVlSIll

U.S. AIR FORCE AERO, PROIJULSIUO LABflRATURY

• I



AFAPL-TR-68-88

SOATA
-, $INPUT ALTP=O.OAM=O.OPRES=14.696,WAENG=12O.,CV=0.985,

PRLP=3.OPRC=4.OETALP=O.83,ETAC=O.81,ETATH=O.88,ETATL=0.899
T4=2000. ,DPE=O.O2,ETAB=Os97,PCBLOW=O.O1,PCBLC=O.0075,
OPB=O.O4,PCBLT4=O.OO75 ,ITITLE=1$I TURBOJET - TWO-SPOOL
$INPUT T4=205O.,T7=325O.,ETABABO0.87,DPBAB=0.O95,IAFTBNzl1dTITLE=ls

TURBOJFT -TWO-SPOOL (WITH A/B)
SEOF
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AFAPL--TR-68-88

TUR2BuJET -TtO-SPIJCL

ALTP = 0. AF O. VA 0.
DELTO = O. ETAR 1.00000 CS = 1116.45

HP EXT 0. LCSL = 0. HCSL = 0.
PC3L0,'= 0.01000 PCBLOB= 0. PCBLi4Z= 0.
PC5LC = 0.00750 PCBLT4= 0.00750 PCBLHP= 0. PCBLLP= 0.
PIRA = 12.000 BPR 0. WAEING = 120.00

PRFT = 1.0000 ETAFT = 1.00000 WA24 = . tWA26 = -0.
PRFH = 1.0000 ETAFH = 1.00000- iA21 = 120.000 3LLCSL= 0,
PRLP = 3.O0u0 ETALP = 0.83000 VA22 = 118.800 BLHCSL=. '0.
PRC = 4.0000 ETAC = 0.81000 'A3 = 117.909
DPI) = 0. UPFH 0. OPC = 0.

PRESSURES IN LBS/SO INCH
P1 = 14.696 TI = 518.67 HI = 123.92P2 = 14'696 T2 = 518.67 H2 123.92

P21H = 14.696 T21 = 518.67 H21 = 123.92
P21L = 14.696
P22L = 44.088 T22 = 748.82 H22 = 179.28 BLOW = 1.200
P22 = 44.088 BLOB = 0.
P3 = 176.352 T3 = 1182.02 H3 = 286.64 BLC = 0.891
P4 = 169.298 T4 = 2000.00 H4 = 512.41 WG4 = 119.424
)P6 = 0.0400 ETAB = 0.97000 FAR4 = 0.01285 WF4 = 1.5151
-P41 = 169.298 T41 = 1994.32 H41 = 510.73 BLT4 = 0.891
P5 = 62.783 T5 = 1613.52 H5 = 404.73 WG41 = 120.315
PRTH = 2.6965 ETATH = 0.88000 OPT = 0.
P51 = 62.783 T51 = 1613.52 H51 = 404.73 BLHP = 0.
P55 = 34.304 T55 = 1408.84 H55 = 349.51 WGSI = 120.315
PRTL = 1.8302 ETATL = 0.89000 DPE = 0.02000

P56 = 34.304 T36 = 1406.84 H56 = 349.51 BLLP = 0.
P6 = 33.618 T6 = 1408.84 H6 349.51 1-G56 = 120.315
P7 = 33.618 T7 = 1408.84 H7 = 349.51 HG7 = 120;315
P8 = 33.618 T8 = 1408.84 H8 = 349.51 BLHOZ = 0.
V9 = 1867.23 TS9 = 1134.67 HS9 = 277.72 WG8 = 120.315

P24 = 0. T24 0. H24 = 0
P26 = 0. T26 0 . H26 0.
P27 = 0. T27 0. H27 0. WG27 = -0.
P28 = 0. T28 = 0. H28 = 0. PG28 = -0.
V29 = 0. TS29 = 0. HS29 = 0.

FAR41 = 0.01275 FAR51 = 0.01275 FAR56 = 0.01275
FAR? = 0.01275 FAR8 = 0.01275 FAR27 =-0.00000
HV = 17484.7 HV7 = -0.0 HV27 = -0.0
CV = 0.98500 V9 = 1867.23 V29 0.

FN/WA = 58.188 THG9 = 58.188 THG29 = -0.
ETAP = 0. ETATHM= 0. ETAO = 0.
SFCU = 0.78114 FG = 6982.5 FN = 6982.5

THIS PROGRAN 11AS DEVELOPED BY FUTILITY AIRCRAFT, UNINC.
C(iPO'ETS BRANCH TURBINE ENGINE DIVISION

U.S. AIR FORCE AERO PROPULSION LABORATORY

- !

4 , ,59-



' AA-TR.4..i8

TURBUJET TWO-SPO{OL (ITH A/,

ALTP = 0. Ai.4 = O. VA 0-.

DJELTO = 06 ETAR = 1.00000 CS =1116.45

HPTXT =E. LCSL = O HCSL = /4
PCBLOT= 0.01000 PCLU.= 0. PCBLZ= V0
PCAC = 0 T00750 PC.LT4= 000750 PCBLFP= Cs PCBIP= 14
PROA = 12.000 PR = 0. HANG 120.00
PRFT = 1.0T000 C =1A24 0. I!A26 = -0.
PRFH = 1.0000 ETAFH = 0.00000 PAL = 120.000 BLLCSL= 0.

PRLP = 3.0000 ETALP = 0.93000 igA22 = 118.800 8LHCSL= 0.
PRC = 4.0000 ETAC = 0.81000 V!A3 = 117.909
UPI) = 0. UPFH = 1. DPC = 0.

* PRESSURES IN LBS/S0 IMCH
Pi 3.606 T = 14 6 =518.67 l = 12392
P2 = 14.696 T2 = 518.67 42 = 123.92

P21H = 14.696 T21 = 518.67 H21 = 123.92

P21L = 14.696
P22L = 4.O088 T22 = 748.82 H22 = 179.28 LLOq = 1.200
P22 = 44.088 BLOB = 0.
P3 = 176.352 T3 = 1182.02 H3 = 286.64 BLC 0.691
P4 = 169.298 T4 = 2050.00 H4 = 527.14 1.(4 = 119.524

SDP6 = 0.0400 ETAS = 0.97000 FA,4 = 0G01370 ',.F4 = 1.6152
-0P61 = 169.298 T41 = 2043.98 H41 = 525.37 LT4 = 0.891

_,P5 = 64.625 T5 = 1665,89 H5 = 419-45 ""'G41 = 120.415
i:PPTH = 2.6197 ETATH = 0.88,000 OPT = 0.
"tP51 = 64.625 T51 = 1665.89 H5 I = 419.45 r;. .P = 0.

'- >P55 =36.0"74 T55 = 1462.92 1155 = 364.28 ';G51 = 120o415

PkTL = 1.7915 ETATL = O.J9000 1)PEIW- = 0.02000
P56 = 36.071.4 T56 = 14:62.92 H56 = 364.28 6 LLP = 0.
P6 = 35.352 T6 = 1462.92 H6 = 364.21 '-(; 56 = 120.415
P7 = 31,994 T7 = 3250.00 H7 = 927.36 sG7 = 124.771

A * h/B E TABAB= 0.87000 DPBAb = G.09500 -F7 = 4,3554
P8 = 31.994 T8 = 3249.99 H8 = 927.36 ;LOiUZ = 0.
V9 = 2790.61 TS9 = 2751.32 HS9 = 767.01 IGIG = 124.771

P24 = 0. T24 = 0. H24 = 0.
P26 = 0. T26 = 0. H26 = 0.
P27 = 0. T27 = 0. H27 = 0. HG27 = -(.
P28 = 0. T28 = 0. H28 = 0. 5 OG28 = -0,

V29 = 0. TS29 = 0. HS29 = 0.

FAR41 = 0.01360 FAR51 = 0.0136o FAR56 = 0.01360
FAR7 = 0.05026 FARB = 0.05026 FAR27 =-0.00000
HV 17446.2 HV7 = 16444.6 HV27 = -0.0
cv = 0.,98500 V9 = 2790.61 V29 = o

F /NA = 90.183 ThN9 = 90.183 THG29 = -0.
ETAP = 0. ETATH;= 0. ETAI) = 0.
SFCU = 1.98617 F(G = 10822.0 Fi' = 10822.0

THIS PROGRAI. WAS DEV6LUPFf) BY FUTILITY AIRCRAFT, U0t1'I,1C.
COMPONErTS BRANCH TIJ.I,4E I.I,,(IRE DIVISIjr.

U.S. AIR FURCE ARO PROPULSIUI LABORATORY
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AFAPL-TR-6S-6

$ DATA
$INPUT ALTP=25000.,AH=O.75,DELTO=1O.,PRES=14.696,I WAENC,=100. ,8PR=2.OCV=0.985,DPD=O.O1,
PRFT=2 .5 ,PRC=8 .0 ETAFT=0 .84, ETAC=0. 85, ETATH=0.90,ETATL=O .89,
T4=2100.,DPT=0.0015,UPE=0.015ETA=.985riPB=O.!,2iITITLE=ls

TURBOFAN -AFT-FAN (IEi CF-700 TYPE)

$EUF
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AFAPL-TR-68-N8

TURBOFAN - AFT-FAN (IE, CF-700 TYPE)
ALTE = 25000. -Ah = 0.7500 VA = 771.26
DELTO = 10.60- ETAR = 1.00000 CS = 1928.35

HPEXT = 0. LCSL = 0. HCSL = 0.
PCBLOW= 0. PCBLOB= 0. PCBLNZ= 0.
PCBLC = 0. PCBLT4= 0. PCBLhP= 0, PCbLLP= 0.
PROA = 8.000 BPR = 2.000 WAENG = 100.00

PRFT = 2.5000 ETAFT = 0.84000 NA24 = O667 WA26 = 66.667

PRFH = 1.0000 ETAFH = 1.00000 WA21 = 33.333 BLLCSL= 0.
PRLP = 1.0000 ETALP = 1.00000 WA22 = 33.333 BLHCSL= 0.
PRC = 8.0000 ETAC = 0.85000 HA3 33.333
DPD = 0.01000 DPFH = 0. DPC = 0.

PRESSURES IN LBS/SO INCH
P1 = 5.454 T1 = 439e52 Hl 104,98
P2 7.921 T2 = 489.18 H2 = 116.86
P21H = 7.921 T21 = 489.17 H21 = 116.86
P211 = 7.921P22L = 7.921 T22 = 489.17 H22 =116.86 8L01 = 0.

P22 = 7.921 BLOB = 0.
P3 = 63.367 T3 = 951.68 H3 = 228.91 BLC = 0.
P4 = 62.100 T4 = 2100.00 H4 = 544.02 L!G4 = 33.923
DPB = 0.0200 ETAB = 0.98500 FAR4 = 0.01770 WF4 = 0.5900
P41 = 62.100 T41 = 2099.99 H41 = 544.02 ELT4 = 0.
P5 = 24.020 T5 = 1711.48 H5 = 433.92 NG41 = 33.923
PRTH = 2.5853 ETATH = 0.90000 DPT = 0.00150
P51 = 23.984 T51 = 1711.48 H51 = 433.92 BLHP = 0.
P55 = 10.005 T55 = 1411.21 H55 = 351.83 WG51 = 33.923
PRTL = 2.3973 ETATL = 0.89000 OPE = 0.01500
P56 = 10.005 T56 = 1411.21 H56 = 351.83 BLLP = 0.
P6 = 9.855 T6 - 1411.21 H6 = 351.83 WG56 = 33.923
P7 = 9.855 T7 = 14i-l.21 H17 = 351.83 HG7 = 33.,j23
P8 = 9.855 T8 = i411.21 H8 = 351.83 BLNOZ = 0.
V9 = 1606.62 TS9 = 1210.68 HS9 = 298.68 WG8 = 33.923

P24 = 19.802 T24 = 663.35 H24 = 158.63
P26 = 19.604 T26 = 663.35 H26 = 158.63
P27 = 19.604 T27 = 663.35 H27 = 158.63 WG27 66.667
P28 = 19.604 T28 = 663.35 H28 = 158.63 WG28 = 66.667
V29 = 1538.46 TS29 = 460.06 HS29 = 109.90

FAR41 = 0.01770 FAR51 = 0.01770 FAR56 = 0.01770
FAR7 = 0.01770 FARB = 0.01770 FAR27 = 0.
HV = 17407.3 HV7 = 16444.6 HV27 = -0.0
CV = 0.98500 V9 1606.62 V29 = '538.46

FN/WA = 24.846 THG9 = 16.940 THG29 = 31.878
ETAP = 0.66216 ETATHH= 0.36181 ETAO = 0.23958
SFCU = 0.85489 FG = 4881.7 FN = 2484.6

THIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFT1 UNINC.
COMPONENTS BRANCH TURBINE ENGINE DIVISION

U.S. AIR FORCE AERO PROPULSION LABORATORY
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APL-TJI-68-BS

I SOATA

$ISNPUT ALTP=60000.,AM=2.6,PRES=14.696,WAENG=BOO.,BPR=1.7,II CV=0.985,DPD=0.017,DPFH=O.0015,PRFT2.7,PRFH=t2.559
PRC=3.1, ETAFT=0.86 vETAFH0. 84 ETAC0. 86, ETATH=0.90 ,ETATL=0.90, .
T4=2660.,T27=2960.tDPEiOo02, ETAB=0.985,
ETABFD=0,,88tPCBLC=0.055,PCBLT4=0.035,PCBLh.' 0.02,
OPB=0.02,DPBfD=0.06,ITITLE=1,IDBURN=lS

TURBOFPAN -DUCT-BURNER

SEOF '

IL3



AFAPL-TR,-4-88

0sTUK.I1AN UUCT-IBURiER

ALTP = 60000. Ar = 2.6000 VA = 2517.00

IELTO = 0. =TAR 0.8854 CS =

HPEXT Ui. LCSL = 0. HCSL = 0.

PCbL(IH= U. PCBLUbl= 0. PCGLZ
= 0.

PCBLC = 0.05500 PCVLT4= 0.03500 PCILHP= 0.02000 PCI.LLP= 0.00000

PKUA = 7.M,3 BPR = 1.700 'A IMo-; = 800.00

PRFT = 2.7000 ETAFT = 0..6000 !-.-A24 = 503.704 !A26 = 503.704

PRFH = 2.5500 ETAFH = O.b40O0 WA21 = 296.296 bLLCSL= 0.

PRLP = 1.0000 ETALP = 1.00000 IA2Z = 295.296 ilLHCSL =  0.

PRC = 3.10( 0 ETAC = 0.86000 WIA3 = 21'0.000

DPD = 0.01700 I)PFH = 0.00150 DPC =.

PRESSURES IN LBS/SC, IICH
Pi 1.040 Ti = 389.97 HI = 93.13

V2 = 17.806 T2 = 914.09 H2 = 219.63

21IH = 45.404 T21 = 1231.60 H21 = 299.27

P2.L = 45.336
P22L = 45.336 T22 = 1231.60 H22 = 299.27 FLU' = u.

P22 = 45a336 I-113 = 0.

P3 = 140.542 T3 = 1723.64 H3 = 428.84 ,LC = 16.296

P4 = 137.731 T4 = 2660.00 H4 706.66 .(;4 = 2s 4.W;7

OP;s = U.u2t:O ETA.3 = 0.9t;500 FAii4 = 0.01574 0144 = 4.4067

P41 = 137.731 T41 = 262b.87 H41 = 696,8B i;LT4 = 10.37u'

P5 = 56.659 T5 = 21124.27 lb = 566.65 '.,41 = 294.777

PRTI = 2.43(;9 ETATI = 0.90000 OPT = 0.

P51 = 56.659 T51 = 2175.59 1451 = 563.94 BLIPF 5.926

V55 = 7.183 T55 = 1393.33 H55 = 346.10 W651 = 300.703

PRTL = 7,8877 ETATI = 0.90000 o3i. = 0.02000

P56 = 7.1113 T56 =1393.33 E56 = 346.10 isLLP = 0.000

P6 7.01-0 T6 = 1593.33 H6 = 346.10 V(;56 = 300.7o3

P7 = 7.040 T7 = 1:93.33 H7 = 346.10 167 = 300.703

P8 = 7.040 T8 = 1393.33 H8 = 346. I') i.L.UX- =  0.

V9 = 2640.137 TS9 = o35.55 HS9 = 202.49 4G8 = 300.703

P24 = 48.075 T24 = 1245.51 H24 = 302.P3

P26 = 47.258 T26 = 124:.51 126 = 302.83

PZ = 44.422 T27 = 2960.00 H27 = 114.75 wOG27 = 520.026

* * I/IB * * ETABFD= 0.88000 OPBFu = 0.06000 F127 = 1b.167

P28 = 44.422 T28 = 2960.00 128 = 814.75 1,;2,i = 520.020

V29 = 4982.69 TS29 = 1214.59 HS29 = 303.55

I-AR41 = 0.01518 FAR51 = 0.01487 FiR56 
= (;.01487

FAR7 = 0.014b7 FAR8 = 0.01487 FAR27 = 0.03239

HV = 16950.8 HV7 = 16444.6 HV27 = 16695.4

CV = 0.985(00 V9 = 2640.87 V2 ; = 4982.69

Fc/1'A = 55.289 TH 9 = 30.852 TIIG29 = 100.667

ETAP = 0.68561 ETATH.= 0.57501 ETAO = 0.39423

SFCU = 1.74998 FG =105215.9 Fri = 42631.4

THIS PRIGJRA., hAS I)EVELUPID BY FUTILITY AIRCRAFT, UIk.l'C.

COhPONEI4TS £RAWCli TUR3I"E EN(;I,'E 0IVISIov

U.S. Alit FLJRCl AFRO PRUPULSlJil LAtURt.TIRY
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AFAPL-TR-68-88jf

! DATA
$114PUT AL TP=500. A!-i=0.95 PRE S=14.696 WA EN-;=1 70.,BPR=1 .6,
CY=O.99,I)PV=O.O3,PRPFT=2.2,PRFH=2. 1, PRLP=1.7,Pk C=3.7,
ETAFT=O.86,ETAFH=O.84,ETAL.P=O.b7,ETAG=O.86, ETATI'i~o.9,EuiTL=O.ci1,
T4=2460. ,T7=3200.,T27=3200. ,DPE=0.02i
ETAB=O.98 ,FTABAB=O.8b ,'TAFPO=.88, PCBLC=0.04 ,PCtbI.T4=u.i2* i)CtLI'f=h.h1",)

TIIRBULFArJ A/B ArTi OUlCT-FMJI'Ilt
SEOF
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AFAPL-TR-68-88

TUWRsAh, - A/i AiW DUCT-r0JltI+Il ,

ALTP :500. Ai = 0M9500 VA = 1058.0
0lEl.TO *0. ETAR = 1.6)000 C. : !14.53

hPEXt -= 0. LCSL 0. HCSL = -0.,
-PL'9= 0. PCBLW0- 6. PCBL"iJ= 'o.

LC0' 0. ,-
" CflL" ,0.0000 PC6iLT4=,-0.02400 PCBLHP= 0.015010, PC LLP=, 00(iOO1
.puM 13;209 IPR 1.600 UA ENG I170.00

i RFT = 2.2000 ETAFT = 0.86000 WA24 = io4.615 W.A26 104.615
PRFH 2.1000 ETAFII = (r.84006 0A21 = 65.365 -LLCSi= 0.
P LRLP : 107006 PTALP = . 70 06 'A22 = 65.i38.5 ':LIICSL= 0.
PkC :3.7000 ETAC = "0.86006 WA3 = 62 .. 769
WP-) = 0.03(0 1)PFH = ). DPC = 0.

PRFSSt3R:S ii~i "-;SYS( IOCH
-P = 14.432 T! 516.89 H = 123.49
P2 = 25.79 T2 610.29 H2 ,= 145.88f
P21H = 54.167 T21 = "780.83 H21 = 187.0A1
;P21L 54.167
P?2. = 92.O04 T22 = 9244:81 H22 = 222.27 bL tL, = 0.
-P22 = 92.04 8L13B = 0.
-P3 = 340.710 T3 = 1382.96 H3 = 33P.34 ILC = 2.615
P4 = 6333.89 T = 2466.00 4 = 649'06 VG4 = 63.876
I)Pi = -0.0200) ETAb, = 0.98000 FAR4 = 0.0i764 rF4 = 1.1'69
P41 = 343.896 ;'41 = 2435.95 H41 = 641.61 LT'4 1.569
_P5 - 142.646 T5 = 20B7.1,- H5 = 525.65 v.';41= 65.445
PRTH = 2.3407 -ETATH = 0;90000, DPT =O.
P51 = 142.6q6 T5I -, 2028.04 H51 = 522.8 LHP 0.91
P55 - 38.075 T55 = 1516.21 155 = 3"19;92 E(G! -1 66.426
PTL 3.7465 ETATL = 0.91b)0 I)PE 0.02000

P56 = 38.075 T56 = 1516.08 156 = 379.8 , ;LLP = 0.065
P6, = 37.313 T6 = 1516.08 H6 = 379.*18 (56 66.492
P7 = 34.8PA T7 = 3200.00 H7 = 912.39 VG*7 68.741.

- A/B F - iTASAnl= 0.8900() I)PBAti, = 0;06500 WF7 = 2.2495
P8 = 34.888 TO = 3199.99 -H8 = 912.39 3Li'iUL 0.
4 = 2948.1i TS9 = 2647.98 HS9 = 735.23 .:G8 = 68.7V41

k = 56.71'6 T24 = 7;8.47 'H24 = 188.90
P26 = 55.044 T26 = 788.47 H26 = 188.90
p27 = 50.640 T27 = 320O.00 H27 905.53 9G27 = 109.376
* D/B * ' TA1IF)& 0;99000 I)PtIF,_ 0.08000 IF27 = 4.7611

P2b = 50.640' 12 8 3200.00 H28 = 05.5 3 F G2, = 109.376
V29 = 3444.72 TS29 2434.50 HS29 = '663.66

FAR4I 0.01,720 FAHSI 0.01695 FARS6 = 0.0169. ,

FA1R7 '0.0513?, FAP8 = 0.05133 -FAk27 = 0.04551
1 17-117.6 -IV 7 1648.l.. H%./.7 = 164S6.1

CV 0."t9100() V9 294 .11 \129 = 3444.72

F,/"A = 73.028 THG9 = 37.052 rKG2Q = 68.'8A5
ETAP = 0."9353 ETATH.i-= .251"3 ETAU = 0.12407
SFCU = 2.35391 F(; = I1009.2 F14 = 12414.7

THI S P(J(;kAi, '"AS I)FVEIL.PWI) 11Y FUTI L ITY 1IRCRAFT, lih,'! C.
c itPtlI"EI.TS 6 1h! I- "I'IRPI:'El.f~- ,: I\I I I,

1U.,S. AIR FIICE AErI'O PRoIPIlI.SII' LAi' IATIKY
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